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FIG. 11A
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FIG. 14A
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SMALL VOLUME ORAL TRANSMUCOSAL
DOSAGE FORMS CONTAINING
SUFENTANIL FOR TREATMENT OF PAIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 11/985,162, filed Nov. 14, 2007, which is a
Continuation-In-Part of U.S. patent application Ser. No.
11/650,174, filed Jan. 5, 2007, which issued as U.S. Pat. No.
8,202,535, which claims the priority benefit to U.S. Provi-
sional Application No. 60/756,937, filed Jan. 6, 2006, each of
which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The invention relates to drug dispensing devices and sys-
tems for oral transmucosal administration of small volume
drug dosage forms to a subject, wherein the drug dosage
forms comprise sufentanil for treatment of pain.

BACKGROUND OF THE INVENTION

Oral dosage forms account for approximately eighty per-
cent of all the drug dosage forms on the market. They are
non-invasive, easily administered and have high patient com-
pliance. Orally administered therapeutic agents, however,
must be transported to the stomach and small intestine for
absorption across the gastrointestinal (GI) mucosal mem-
branes into the blood. The efficiency of absorption of a drug
following oral administration can be low because of metabo-
lism within the GI tract and first-pass metabolism within the
liver, resulting in relatively lengthy onset times or erratic
absorption characteristics that are not well-suited to control
acute disorders. The majority of oral dosage forms on the
market are designed for GI delivery. Relatively few oral dos-
age forms are designed for delivery through the oral mucosa.

Oral transmucosal delivery offers a number of advantages
in that it can provide a shorter onset time to maximal plasma
concentration (C,,,,) than oral delivery, in particular for lipo-
philic drugs. This is because the drug rapidly passes directly
and efficiently through the epithelium of the highly vascular-
ized mucosal tissue to the plasma, thus rapidly reaching the
circulation while avoiding slower, often inefficient and vari-
able GI uptake. It is therefore advantageous for a drug to be
delivered through the mucous membranes of the oral cavity,
(e.g., via the sublingual route), when rapid onset consistent
T,,.c and C,, .. are advantageous.

In the process of oral transmucosal drug delivery, the drug
is absorbed through the epithelial membranes of the oral
cavity. However, frequently the key risk associated with oral
transmucosal delivery is the enhanced potential for swallow-
ing the medication owing to the continuous generation, back-
ward flow and swallowing of the saliva. This becomes a
particular risk when the dosage forms employed are large
enough to produce a significant saliva response, which, in
turn leads to swallowing of drug and/or loss of adherence of
the dosage form to the oral mucosa.

Various solid dosage forms, such as sublingual tablets,
troches, lozenges, lozenges-on-a-stick, chewing gums, and
buccal patches have been used to deliver drugs via the oral
mucosal tissue. Solid dosage forms such as lozenges and
tablets have been used for oral transmucosal delivery of drugs
such as nitroglycerin sublingual tablets.
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Reproducible and effective drug delivery technology rep-
resents an area of active research, in particular, as it applies to
controlled substances such as opidids like sufentanil.

The relevant art does not describe a solid drug dosage form
for delivery of sufentanil to the oral mucosa, such as the
sublingual space.

Controlled access oral transmucosal drug dispensing sys-
tems offer numerous advantages over conventional means of
drug administration such as oral and intravenous routes, the
most important of which is enhanced safety, with additional
advantages in rapid and consistent onset of action, more con-
sistent and predictable plasma concentrations and higher and
more consistent bioavailability than currently available dos-
age forms.

This is particularly relevant to the treatment of pain, more
specifically, acute (i.e., post-operative), intermittent and
breakthrough pain.

Therefore, a need exists for drug dosage forms, methods
and systems for administration of an opioid, such as sufenta-
nil (e.g., by patient-controlled administration), for treatment
of pain, wherein the drug dosage form is administered with a
device which provides for safe and controlled deliver of the
drug via the oral mucosa, while minimizing the potential for
drug abuse and/or diversion.

The present invention addresses these needs.

BRIEF SUMMARY OF THE INVENTION

Disclosed herein are dosage forms for sublingual admin-
istration of sufentanil to a subject wherein the dosage forms
comprise from about 5 to about 100 micrograms (mcg) of
sufentanil, and a bioadhesive material, wherein the bioadhe-
sive material provides for adherence to the sublingual mucosa
of the subject.

Typically, the dosage forms have a volume of less than 30
microliters or a mass of less than 30 mg.

Erosion of the disclosed dosage forms is complete in from
about 6 minutes to about 25 minutes following sublingual
administration to a subject and the dosage forms are effective
to deliver at least 55%, at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 98% or at least 99% of the total amount of
sufentanil in the dosage form via the sublingual route.

A single sublingual administration of the disclosed sufen-
tanil dosage forms to a subject results in one or more of the
following: a bioavailability of greater than 50%; an AUC,,,
with a coefficient of variation of less than 40%; a T, , witha
coefficient of variation of less than 40%; a linear relationship
between C,, . and the amount of sufentanil in the dosage
form; and a linear relationship between AUC,, and the
amount of sufentanil in the dosage form.

Repeated sublingual administrations of the disclosed
sufentanil dosage forms to a subject results in one or more of
the following: a bioavailability which is greater than the bio-
availability following a single sublingual administration to
the subject; a difference between the T, following repeated
sublingual administration and the time of the previous sub-
lingual administration which is shorter than the T, ,, follow-
ing a single sublingual administration to the subject; and a
T, With a coefficient of variation of less than 40%.

The disclosed sufentanil dosage forms find utility in meth-
ods for treating pain, wherein a handheld dispensing device is
used for placement of a sufentanil dosage form in the sublin-
gual space of a subject. Placement administration may be
patient controlled.

The disclosed handheld dispensing devices comprise one
ormore of the following features: a housing having a dispens-
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ing end with a means to prevent or retard saliva ingress; a
lock-out feature; a patient identification feature; and a dispos-
able cartridge configured to hold one or more drug dosage
forms. The lock-out feature may provide for repeated sublin-
gual administration of sufentanil at a minimum interval of 20
minutes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graphic depiction of sufentanil plasma concen-
tration mean+/-standard deviation (SD) versus time, follow-
ing sublingual administration of2.5, 5, 10 and 20 mcg (5 mcg
every 10 minutesx4 doses) sufentanil dosage forms (slow-
eroding) in healthy human volunteers.

FIG. 2 is a graphic depiction of the linearity of C, .
(mean+/-SD) versus sufentanil dose (mcg), following sub-
lingual administration of 2.5, 5, 10 or 4x5 mcg sufentanil
dosage forms (slow-eroding) in healthy human volunteers.

FIG. 3 is a graphic depiction of the linearity of AUC,,
(mean+/-SD) versus sufentanil dose (mcg), following sub-
lingual administration of 2.5, 5, 10 or 4x5 mcg sufentanil
dosage forms (slow-eroding) in healthy human volunteers.

FIG. 4 is a graphic depiction of sufentanil plasma concen-
tration (mean+/-SD) versus time, following repeated sublin-
gual administration of four 5 mcg sufentanil dosage forms
(slow-eroding) at 10 minute intervals in healthy human vol-
unteers as compared to [V Infusion of 5 mcg sufentanil over
10 minutes.

FIGS. 5A and 5B provide a graphic depiction of observed
and predicted sufentanil plasma concentration (mean+/-SD)
versus time, following repeated sublingual administration of
4x5 meg sufentanil dosage forms (slow-eroding) at 10 minute
intervals in healthy human volunteers over a period of 12
hours (FIG. 5) or a period of 2.5 hours (FIG. 5B).

FIG. 6 is a graphic depiction of sufentanil plasma concen-
trations (mean+/-SD) versus time, following sublingual
administration of 10, 40 (10 mcg every 20 minutesx4 doses)
and 80 mcg sufentanil dosage forms (faster-eroding) in
healthy human volunteers.

FIGS. 7A and 7B are a graphic depiction of observed and
predicted sufentanil plasma concentration (mean+/-SD) ver-
sus time, following repeated sublingual administration of
4x10 mcg sufentanil dosage forms (faster-eroding) at 20
minute intervals in healthy human volunteers over a period of
12 hours (FIG. 7A) or a period of 2.5 hours (FIG. 7B).

FIG. 8 is a graphic depiction of the linearity of C, .
(mean+/-SD) versus sufentanil dose (mcg), following sub-
lingual administration of 10, 4x10 or 80 mcg sufentanil dos-
age forms (faster-eroding) ire healthy human volunteers.

FIG. 9 is a graphic depiction of the linearity of AUC,,
(mean+/-SD) versus sufentanil dose (mcg), following sub-
lingual administration of 10, 4x10 or 80 mcg sufentanil dos-
age forms (faster-eroding) in healthy human volunteers.

FIGS. 10A and 10B provide a graphic depiction of steady-
state sufentanil plasma concentration versus time predicted
by superposition following repeated sublingual administra-
tion of 10 meg doses of sufentanil at 20 minute intervals (FI1G.
10A) or 15 mcg doses of sufentanil at 20 minute intervals
(FIG. 10B).

FIGS. 11A-E provide a schematic depiction of an exem-
plary dispensing device wherein the device is designed to
deliver drug dosage forms to oral mucosa of a patient under
treatment, FIGS. 11A-E illustrate the progression of intact
drug dispensing device 11 (FIG. 11A); the reusable head 13
and disposable body 15 of a drug dispensing device (FIG.
11B); a reusable head 13, disposable body 15 and cartridge
17, a dispense button 23, and a proboscis 31 of a drug dis-
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pensing device (FIG. 11C); various aspects of a drug dispens-
ing device 11 including a reusable head 13, disposable body
15 and cartridge 17, a proboscis 31, and a latch 19 to unlock
thedevice, a hub lock 21, a distal seal 33,35, and a power train
coupling 25 (FIG. 11D); and a reassembled intact drug dis-
pensing device 11 (FIG. 11E).

FIG. 12 is a schematic depiction of an exemplary dispens-
ing device showing features designed to block or retard saliva
and moisture ingress. The preferred embodiment includes a
dispensing tip having a shroud 29, having one or more of a
wiping seal/valve 33, 35, an absorbent pad 39, a pushrod 51,
a drying chamber/moisture communication channel 43, des-
iccant in the channel 45, a cartridge 17 containing dosage
forms 67 and desiccant in the cartridge 47.

FIGS. 13A and 13B are schematic depictions of an exem-
plary geometry for a dispensing tip.

FIGS. 14A-D are a schematic depiction of an exemplary
proboscis 31 of a dispensing device 11 wherein the proboscis
31 has an S-shape 53 and comprises a shroud 29 and a valve.
The shroud shields the valve from moisture and saliva ingress
from the tongue and other mucosa and provides an area for the
dosage form to exit the device without “sticking” to the wet-
ted distal valve or shroud area. The shroud also comprises a
cut-out relief 55 in order to mitigate the dragging of dosage
forms when the device is removed from the oral space. The
valve functions with the shroud to control saliva and moisture
ingress, as well as aid in delivery of the dosage form.

FIGS. 15A-D provide a series of flow diagrams for use of
an exemplary device showing the stages of push rod/tablet
interaction during device use, wherein FIG. 15A shows the
LOAD feature; FIG. 15B shows the CALIBRATE feature;
FIG. 15C shows the DISPENSE feature; and FIG. 15D shows
the DISASSEMBLE feature.

FIG. 16 is a schematic depiction of an exemplary device
showing the stages of push rod/tablet interaction during
device use. In FIG. 16, the push rod 51, dosage forms 67,
shipping tablet 69, spring 73 and position sensor 71 are
shown. During use, the push rod 51 moves between positions
57,59, 61, 63, 65 and 67, also shown in FIG. 16.

FIG. 17 is a schematic architecture connection diagram
illustrating the various components that may be included in a
drug dispensing device or system including a device with a
separate drug dispensing device head 13, drug dispensing
device body 15, drug cartridge 17, a portable docking FOB
113, a patient RFID tag 115, and a base station 117.

FIG. 18A is a block diagram illustrating one aspect of
communication in the drug dispensing system, including an
RFID tag, a drug dispensing device, a base station/dock and a
healthcare provider personal computer.

FIG. 18B is a block diagram illustrating another aspect of
communication in a drug dispensing system, including an
RFID tag, a drug dispensing device, a portable docking FOB,
a base station and a healthcare provider personal computer.

DETAILED DESCRIPTION OF THE INVENTION
1. Introduction

Provided herein are compositions, methods, systems and
kits for sublingual administration of sufentanil-containing
small volume dosage forms using a device. Sublingual
administration of the dosage forms minimizes the saliva
response and therefore minimizes delivery of the drug to the
Gl tract, such that the majority of drug is delivered across the
oral mucosa. The small volume dosage forms have bioadhe-
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sive properties which facilitate adherence to the oral mucosa,
thus minimizing the risk of ingestion and inefficient delivery
due to swallowing.

The claimed small volume sufentanil-containing dosage
forms which are also called “Sublingual Sufentanil Nano-
Tabs™” offer a number of advantages in terms of both safety
and efficacy as compared to currently available pain treat-
ments.

The following disclosure provides a description of the dos-
age forms, devices, methods, systems and kits which consti-
tute the invention. The invention is not limited to the specific
dosage forms, devices, methodology, systems, kits or medical
conditions described herein, as such may, of course, vary. It is
also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only, and is
not intended to limit the scope of the present invention.

It must be noted that as used herein and in the appended
claims, the singular forms “a”, “and”, and “the” include plural
references unless the context clearly dictates otherwise. Thus,
for example, reference to “a drug formulation” includes a
plurality of such formulations and reference to “a drug deliv-
ery device” includes systems comprising drug dosage forms
and devices for containment, storage and delivery of such
dosage forms.

Unless defined other vise, all technical and scientific terms
used herein generally have the same meaning as commonly
understood to one of ordinary skill in the art to which this
invention belongs. Although any methods, devices and mate-
rials similar or equivalent to those described herein can be
used in the practice or testing of the invention, the preferred
methods, devices and materials are now described.

All publications mentioned herein are incorporate herein
by reference in their entirety for the purpose of describing and
disclosing the compositions and methodologies which are
described in the publications which might be used in connec-
tion with the presently described invention. The publications
discussed herein are provided solely for their disclosure prior
to the filing date of the present application. Nothing herein is
to be construed as an admission that the invention is not
entitled to antedate such a disclosure by virtue of prior inven-
tion.

I1. Definitions

The term “active agent” or “active” may be used inter-
changeably herein with the term “drug” and is meant to refer
to any therapeutically active agent.

The term “adhere” is used herein with reference to a drug
dosage form or formulation that is in contact with a surface
such as a mucosal surface and is retained on the surface
without the application of an external force. The term
“adhere” is not meant to imply any particular degree of stick-
ing or bonding, nor is it meant to imply any degree of perma-
nency.

The term “analgesic drug” as used herein includes sufen-
tanil or a sufentanil congener, such as alfentanil, fentanyl,
lofentanil, carfentanil, remifentanil, trefentanil, or mirfenta-
nil, as well as formulations comprising one or more therapeu-
tic compounds. Use of the phrase “sufentanil or a congener”
is not meant to be limiting to use of, or formulations compris-
ing, only one of these selected opioid compounds. Further-
more, reference to sufentanil alone or to a selected sufentanil
congener alone, e.g., reference to “alfentanil”, is understood
to be only exemplary of the drugs suitable for delivery accord-
ing to the methods of the invention, and is not meant to be
limiting in any way.
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The term “AUC” as used herein means “area under the
curve”, and is also referred to as “AUC,,” in a plot of con-
centration of drug in plasma versus time. AUC is typically
given for the time interval zero to infinity, however, dearly
plasma drug concentrations cannot be measured “to infinity”
for a patient so a mathematical equation is used to estimate the
AUC from a limited number of concentration measurements.

AUC;, =AUC+Cy,./h, where Cy,,, was the last plasma
concentration.

In a practical sense, AUC,, represents the total amount of
drug absorbed by the body, irrespective of the rate of absorp-
tion. This is useful when trying to determine whether two
formulations of the same dose release the same dose of drug
to the body. The AUC,, -of a transmucosal dosage form com-
pared to that of the same dosage administered intravenously
serves as the basis for a measurement of bioavailability.

The term “bioadhesive” as used herein refers to ad adhe-
sion to a biological surface including mucosal membranes.

The term “bioavailability” or “F” as used herein means
“percent bioavailability” and represents the fraction of drug
absorbed from a test article as compared to the same drug
when administered intravenously. It is calculated from the
AUC,, -of the test article following delivery via the intended
route versus the AUC,, - for the same drug after intravenous
administration. The absolute bioavailability of sublingual
administration was determined by the following formula:

AU Cmblingual
inf
AUCl:

D,
F(9%) = osery

Dosegpiinguat

The term “breakthrough pain” as used, herein, is a transi-
tory flare of pain of moderate to severe intensity occurring on
a background of otherwise controlled pain. “Breakthrough
pain” can be intense for short periods of time, as short as 1 or
2 minutes or as long as 30 minutes or more.

The term “cartridge” is used herein with reference to a
disposable cartridge configured to hold one or more drug
dosage forms, typically, one up to 200 drug dosage forms. The
cartridge typically comprises a smart cartridge recognition
system with a physical keyed feature on the cartridge, a bar
code on the cartridge, a magnetic to on the cartridge, an RFID
tag on the cartridge, an electronic microchip on the cartridge,
or a combination thereof. The cartridge may comprise one or
more shipping tablets wherein at least one shipping tablet is
dispensed prior to dispensing of a dosage form.

The term “C,,,.” as used herein means the maximum
observed plasma concentration following administration of a
drug.

The term “congener” as used herein refers to one of many
variants or configurations of a common chemical structure.

The term “disintegration” is used interchangeably herein
with “erosion” and means the physical process by which a
dosage form breaks down and pertains to the physic integrity
of the dosage form alone. This can occur in a number of
different ways including breaking into smaller pieces and
ultimately, fine and large particulates or, alternatively, erod-
ing from the outside in, until the dosage form has disappeared.

The term “dispensing device”, “drug dispensing device”,
“dispense”, “drug dispenser”, “drug dosage disperser”,
“device” and “drug delivery device” are used interchangeably
herein and refer to a device that dispenses a drug dosage form.
The dispensing device provides for controlled and safe deliv-
ery of a pharmaceutically active substance (e.g., an opioid
such as sufentanil) formulated in the dosage form. The device



US 9,320,710 B2

7

may be adopted for storage and/or delivery of a dosage form
such as a lozenge, pill, tablet, capsule, membrane, strip, liq-
uid, patch, film, gel, spray or other form.

The term “dispensing end” as used herein with reference to
a device means the portion of the device comprising the
proboscis and shroud which serves to deliver a drug dosage
form to the oral mucosa of a subject.

The term “drug”, “medication”, “pharmacologically active
agent”, “therapeutic agent” and the like, are used inter-
changeably herein and generally refer to any substance that
alters the physiology of an animal and can be effectively
administered by the oral transmucosal route.

The term “erosion time” means the time required for a solid
dosage form to break down until the dosage form has disap-
peared.

The term “FOB” refers to a small, portable handheld, pow-
ered electronic docking device that can be used in conjunction
with the drug dispensing device to upload data, download
data, control access to the drug dispensing device, control
access to the drug dosage forms, or enhance or otherwise after
the user interface of the drug dispensing device. A FOB may
communicate and dock with a drug dispensing device either
in a wired or wireless fashion. A FOB may be adapted to
attach to a cord so as to allow the FOB to hang from the neck
of a healthcare professional such as a physician or caregiver,
particularly in the hospital setting. A drug dispensing device
may communicate with the physician or care giver via the
FOB.

The terms “formulation” and “drug formulation™ as used
herein refer to a physical composition containing at least one
pharmaceutically active substance, which may be provided in
any of a number of dosage forms for delivery to a subject. The
dosage form may be provided to the patient as a lozenge, pill,
capsule, membrane, strip, liquid, patch, film, gum, gel, spray
or other form.

The term “hydrogel-forming preparation”, means a solid
formulation largely devoid of water which upon contact with
an aqueous solution, e.g., a bodily fluid, and in particular that
of the oral mucosa, absorbs water in such a way that it forms
ahydrated gel in situ. The formation of the gel follows unique
disintegration (or erosion) kinetics while allowing for release
of the therapeutic agent over time.

The term “lock-out feature” is used herein with reference
to a feature of the device which provides for a “lock-out
time”.

The term “lock-out time” is used herein with reference to
the period of time during which the device does not allow
drug accessibility, i.e., a dosage form cannot be dispensed
during the “lock-out time”. “Lock out time” may be program-
mable, a fixed time interval, a predetermined interval, a pre-
determined variable interval, an interval determined by an
algorithm or a variable interval communicated to the device
from a remote computer or docking station.

The term “LogP” as used herein means logarithm of the
ratio of equilibrium concentrations of un-ionized compound
between octanol and water. P also called the “octanol-water
partition coefficient” and serves as a means to quantify the
hydrophiobicity or lipophilicity of, a chemical characteristic
of a given drug.

The term “mucoadhesion” is used herein in to refer to the
adhesion to mucosal membranes which are covered by
mucus, such as those in the oral cavity and may be used
interchangeably herein with the term “bioadhesion” which
refers to adhesion to any biological surface.

The term “mucosal membrane” refers generally to any of
the mucus-coated biological membranes in the body. Absorp-
tion through the mucosal membranes of the oral cavity is of

15

30

35

40

45

50

55

8

particular interest. Thus, oral mucosal absorption, i.e., buccal,
sublingual, gingival and palatal absorption are specifically
contemplated.

The term mucosal-depot is used herein in its broadest sense
to refer to a reservoir or deposit of a pharmaceutically active
substance within or just beneath the mucosal membrane.

The term “non-ordered particulate mixture” or “non-or-
dered mixture” is used herein with reference to a formulation
where the mixture is not ordered with respect to the pharma-
ceutically active agent and the bioadhesive material or bio-
adhesion promoting agent, or other formulation components.
In addition, it is used herein with reference to any formulation
prepared by a process that involves dry mixing wherein drug
particles are not uniformly distributed over the surface of
larger carrier particles. Such ‘non-ordered’ mixing may
involve dry mixing of particles in a non-ordered fashion,
where there is no requirement with respect to the order of
addition/mixing of specific excipients with the drug, bioad-
hesive material or bioadhesion promoting agent and/or disin-
tegrants. Further in the non-ordered mixing process, there is
no limitation on the size of the drug particles. The drug
particles may be larger than 25 pum. In addition, a “non-
ordered mixture” includes any mixing processes in which the
primary carrier particles do not incorporate a disintegrant
within. Finally the “non-ordered mixture” may be prepared
by any “wet mixing” processes, i.e. processes in which a
solvent or non-solvent is added during the mixing process or
any mixing process in which the drug is added in a solution or
suspension form.

The term “operatively connected” as used herein means the
components are provided in a device so as to function as
intended to achieve an aim. For example, a memory device
operatively connected to a CPU which is further operatively
connected to a release mechanism may be meant to indicate
that, upon actuation, the CPU communicates with the
memory device to check the status or history of drug delivery,
and then further communicates with the release mechanism
(e.g., via a solenoid and a switch) to release and dispense a
drug.

The term “opioid naive patient” is used herein with refer-
ence to a patient who has not received repeated administra-
tion, of an opioid substance over a period of weeks to months.

The term “opioid tolerant patient” as used herein means a
physiological state characterized by a decrease in the effects
of an opioid substance (e.g., analgesia, nausea or sedation)
with chronic administration. An opioid substance is a drug,
hormone, or other chemical substance that has analgesic,
sedative and/or narcotic effects similar to those containing
opium or its derivatives. If analgesic tolerance develops, the
dose of opioid substance is increased to result in the same
level of analgesia. This tolerance may not extend to side
effects and side effects may not be well tolerated as the dose
is increased.

The terms “oral transmucosal dosage form” and “drug
dosage form” may be used interchangeably herein and refer
to a dosage form which comprises a pharmaceutically active
substance, e.g., a drug such as sufentanil. The oral dosage
form is used to deliver the pharmaceutically active substance
to the circulation by way of the oral mucosa and is typically a
“sublingual dosage form”, but in some cases other oral trans-
mucosal routes may be employed. The dosage form provides
for delivery of the pharmaceutically active substance across
the oral mucosa and by controlling the formulation the timing
for release of the pharmaceutically active substance can be
achieved. The dosage form comprises pharmaceutically
acceptable excipients and may be referred to as a NanoTab™,
as detailed in U.S. application Ser. No. 11/650,174, expressly
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incorporated by reference herein. The dosage form comprises
a formulation that is neither effervescent nor does it comprise
an essentially water-free, ordered mixture of microparticles
of drug adhered to the surface of carrier particles, where the
carrier particles are substantially larger than the micropar-
ticles of drug.

The terms “oral transmucosal drug delivery” and “oral
transmucosal administration” as used herein refer to drug
delivery that occurs substantially via the transmucosal route
and not via swallowing followed by GI absorption. Maximal
delivery occurs via the oral mucosa, typically by placement of
the dosage form within the sublingual cavity.

The term “proboscis™ is used interchangeably with the
terms “dispensing tip” a “delivery tip”, and refers to a dis-
pensing and/or positioning tip of a drug dosage form dis-
penser that delivers a dosage form to the oral mucosa (e.g., the
sublingual space).

The term “radio frequency identification device” or
“RFID” is used with reference to an automatic identification
method, which relies on storing and remotely retrieving data
using devices called RFID tags, wherein the RFID tag is
applied to, or incorporated into a product, or person for the
purpose of identification using radiowaves. Some tags can be
read from several meters away and beyond the line of sight of
the reader.

The term “replaceable cartridge” or “disposable cartridge”
is used with reference to a cartridge for housing drug dosage
forms which is typically configured to hold up to 200 drug
dosage forms, wherein the cartridge is designed to be used
and discarded.

The term “shipping tablet” is used herein with reference to
an “initialization”, or “shipping” tablet which is the same size
and shape as a drug-containing dosage form but does not
contain a pharmaceutically active substance. The “shipping
tablet” may comprise a placebo dosage form that does not
contain a pharmaceutically active substance or may be made
of plastic or other material. It is the first thing dispensed from
a new cartridge after insertion into a dispensing device. The
device has a means for differentiating between the shipping
tabletand a dosage form containing a pharmaceutically active
substance.

The term “shroud” is used to describe a partial or complete
covering of the dispensing end of the device which protects
the delivery port from contact with saliva or other moisture in
the oral cavity and forms a barrier between the device, the oral
mucosa and tongue, has a relief for dosage form delivery, and
an interior that is hydrophobic or hydrophilic which serves to
minimize or eliminate saliva ingress or moisture ingress. The
“shroud” creates a barrier from the oral mucosa contacting
the valve area and dosage form, aiding in dosage form dis-
pensing and discouraging dosage form adherence to the
shroud. The shroud may have a rounded interior surface or
other geometry to stop the dosage form adhering to the
shroud. The shroud limits the ability of the tongue or sublin-
gual mucosa to contact the dosage form dispensing area,
thereby controlling saliva contact and ingress.

The term “subject” includes any subject, generally a mam-
mal (e.g., human, canine, feline, equine, bovine, ungulate
etc.), adult or child, in which treatment for a disorder is
desired. The terms “subject” and “patient” may be used inter-
changeably herein.

The term “systems that include a drug dosage form and a
dispensing device” as used herein refers to a drug dispensing
system for delivery and/or monitoring of drug administration.
The system may be used to monitor and deliver a pharmaceu-
tically active substance, e.g., an opioid such as sufentanil,
wherein the amount of drug delivered, corresponding efficacy
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and safety are enhanced over currently available systems. The
system may have one or more features that provide for
improved safety and ease of use over currently available
systems including a security feature that prevents unautho-
rized access to the stored drugs, a dosing lock-out feature, a
means for identifying an individual patient for controlled
drug access, a dose counting feature a memory means for
retaining information about dose delivery, and an interface for
bidirectional exchange of information with a user, a drug
cartridge, or another device such as a computer.

The term “small volume drug dosage form™ or “small
volume dosage form” is used herein with reference to a small
volume dosage form that has a volume of less than 100 pl and
a mass of less than 100 mg. More specifically, the dosage
form has a mass of less than 100 mg, 90 mg, 80 mg, 70 mg, 60
mg, 50 mg, 40 mg, 30 mg, 29 mg, 28 mg, 27 mg, 26 mg, 25
mg, 24 mg, 23 mg, 22 mg, 21 mg, 20 mg, 19 mg, 18 mg, 17
mg, 16 mg, 15 mg, 14 mg, 13 mg, 12 mg, 11 mg, 10 mg, 9 mg,
8 mg, 7 mg, 6 mg or 5 mg or a volume of less than 100 pl, 80
ul, 70 ul, 60 ul, 50 ul, 40 pl, 30 pl, 29 ul, 28 pl, 27 pl, 26 pl, 25
pl, 24 ul, 23 pl, 22 pl, 21 pl, 20 pl, 19 ul, 18 pl, 17 pl, 16 ul, 15
pl, 14 pl, 13 pl, 12 pd, 11 pl, 10 pd, 9 pd, 8 pl, 7 pl, 6 plor S pl.
The “dosage form™ may or may not have bioadhesive char-
acteristics and may form a hydrogel upon contact with an
aqueous solution.

The “dosage form” may be used to deliver any drug that can
be administered by the oral transmucosal route in an amount
amenable to administration via the small size of the dosage
form, i.e., 0.25 pgto 99.9 mg, 1 ngto SO mgor 1 pgto 10 mg.

The term “small volume sufentanil-containing drug dosage
form” is used herein with reference to a small volume dosage
form that contains a dose of sufentanil selected from about 2
micrograms (mcg) to about 200 mcg of sufentanil, e.g., 5
mcg, 10 meg, 15 mcg, 20 meg, 30 mcg, 40 mcg, 50 mcg, 60
mcg, 70 mcg, 80 mcg or 100 meg of sufentanil.

The term “solid dosage form” or “solid drug dosage form™
is used herein with reference to a small volume dosage form
that is a solid, e.g., a lozenge, a pill, a tablet, a membrane or a
strip.

The term “sublingual”, means literally “under the tongue™
and refers to administering a drug dosage form via the mouth
in such a way that the pharmaceutically active substance is
rapidly absorbed via the blood vessels under the tongue rather
than via the digestive tract. Absorption occurs via the highly
vascularized sublingual mucosa and allows the pharmaceuti-
cally active substance more direct access to the blood circu-
lation, providing or direct systemic administration indepen-
dent of GI influences.

The term “terminal half-life” or “t, , [h]” as defined herein
is calculated as In(2)/., (defined as the first order terminal rate
constant estimated by linear regression of the time versus log
concentration curve) and also determined after the final dos-
ing in repeated dose studies.

The term “T,, . used herein means the point of maximum
observed plasma concentration.
Theterm “T,_,,..,” as used herein means the observed “time

onset

of'onset” and represents the time required for the plasma drug
concentration to reach 50% of the maximum observed plasma
concentration, C,, ...

The term “therapeutically effective amount” means an
amount of a therapeutic agent, or a rate of delivery of a
therapeutic agent (e.g., amount over time), effective to facili-
tate a desired therapeutic effect, such as pain relief. The
precise desired therapeutic effect (e.g., the degree of pain
relief, and source of the pain relieved, etc.) will vary accord-
ing to the condition to be treated, the tolerance of the subject,
the drug and/or drug formulation to be administered (e.g., the
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potency of the therapeutic agent (drug), the concentration of
drug in the formulation, and the like), and a variety of other
factors that are appreciated by those of ordinary skill in the
art.

The term “transmucosal” delivery of a drug and the like is
meant to encompass all forms of delivery across or through a
mucosal membrane. In particular, “oral transmucosal” deliv-
ery of a drug includes delivery across any tissue of the mouth,
pharynx, larynx, trachea, or upper gastrointestinal tract, par-
ticularly including the sublingual, gingival and palatal
mucosal tissues.

III. Drug Dosage Forms

The claimed small volume sublingual drug dosage forms
produce a reduced saliva response as compared with conven-
tional, larger dosage forms that are intended to deliver a drug
in the oral cavity.

The preferred site for oral transmucosal drug delivery is the
sublingual area, although in certain embodiments it may be
advantageous for the dosage form to be placed inside the
cheek, or to adhere to the roof of the mouth or the gum.

Sublingual delivery is preferred as the sublingual mucosa
is more readily permeable to medications than other mucosal
areas such as the buccal mucosa, resulting in more rapid
uptake.

The dosage forms provide for the delivery of a greater
percentage (and amount) of the drug via the oral mucosa and
a corresponding decrease in delivery via the gastrointestinal
(GI) tract as compared to traditional oral dosage forms and
other oral transmucosal dosage forms.

Typically, the dosage forms are adapted to adhere to the
oral mucosa (i.e. are bioadhesive) during the period of drug
delivery, and until most or all of the drug has been delivered
from the dosage form to the oral mucosa.

More specifically, the dosage forms have a mass of less
than 100 mg, 90 mg, 80 mg, 170 mg, 60 mg, 50 mg, 40 mg, 30
mg, 29 mg, 28 mg, 27 mg, 26 mg, 25 mg, 24 mg, 23 mg, 22
mg, 21 mg, 20 mg, 19 mg, 18 mg, 17 mg, 16 mg, 15 mg, 14
mg, 13 mg, 12 mg, 11 mg, 10 mg, 9 mg, 8 mg, 7 mg, 6 mg or
5 mg ora volume of less than 100 pl, 90 pl, 80 ul, 70 ul, 60 pl,
50 ul, 40 pl, 30 ul, 29 pl, 28 pl, 27 ul, 26 ul, 25 ul, 24 ul, 23 ul,
22ul, 21 pl, 20 ul, 19 ul, 18 pl, 17 pl, 16 pl, 15 pl, 14 pl, 13 pl,
12 ul, 11 pl, 10 pl, 9 pl, 8 pl, 7 pl, 6 wl or S pl.

In a preferred embodiment, the claimed dosage forms have
a mass of less than 30 mg and a volume of less than 30 pl.

The dosage forms typically have bioadhesive characteris-
tics and may form a hydrogel upon contact with an aqueous
solution.

The dosage forms typically have an erosion time of from
about 6 minutes or up to 25 minutes, however the erosion time
may vary. More specifically the dosage forms typically have
an erosion time of about 5 minutes, 6 minutes, 7 minutes, 8
minutes, 9 minutes, 10 minutes, 11 minutes, 12 minutes, 13
minutes, 14 minutes, 15 minutes, 16 minutes, 17 minutes, 18
minutes, 19 minutes, 20 minutes, 21 minutes, 22 minutes, 23
minutes, 24 minutes or 25 minutes.

In general, at least 55%, at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 98% or at least 99% of the total amount of
pharmaceutically active substance in a dosage form adminis-
tered to the oral mucosa of a subject is absorbed via the oral
transmucosal route.

The dosage forms may have essentially any shape,
examples of which include a round disc with a flat, concave,
or convex face, an ellipsoid shape, a spherical shape, a poly-
gon with three or more edges and flat, concave, or convex
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faces. The dosage forms may be symmetrical or asymmetri-
cal, and may have features or geometries that allow for con-
trolled, convenient, and easy storage, handling, packaging or
dosing.

Oral transmucosal drug delivery is simple, non-invasive,
and can be accomplished by a caregiver or patient with mini-
mal discomfort. A dosage form for oral transmucosal delivery
may be solid or non-solid. In one preferred embodiment, the
dosage from is a solid that turns into a hydrogel following
contact with saliva. In another preferred embodiment, the
dosage from is a solid that erodes without forming a hydrogel
following contact with saliva.

Generally, oral transmucosal delivery of pharmaceutically
active substances is achieved using solid dosage forms such
as lozenges or tablets, however, liquids, sprays, gels, gums,
powders, and films and the like may also be used.

For certain drugs, such as those with poor bioavailability
via the Gl tract, e.g., lipophilic opioids such as sufentanil, oral
transmucosal delivery is a more effective delivery route than
GI delivery. For such lipophilic drugs, oral transmucosal
delivery has a shorter onset time (i.e., the time from admin-
istration to therapeutic effect) than does oral GI delivery and
provides better bioavailability and more consistent pharma-
cokinetics.

The small size of the claimed drug dosage forms is
designed to reduce the saliva response, thus reducing the
amount of drug swallowed, and thereby delivering a substan-
tial amount of drug to a subject via the oral mucosa. The
claimed drug dosage forms provide for efficacious delivery of
sufentanil via the oral mucosa and a consistent plasma level
within the therapeutic window.

Formulations for preparation of the claimed dosage forms
and methods of making them are described in U.S. applica-
tion Ser. Nos. 11/825,251 and 11/650,227, expressly incor-
porated by reference herein. An exemplary formulation is
bioadhesive and comprises from about 0.0004% to about
0.04% sufentanil, e.g., 0.0005%, 0.001%, 0.002%, 0.003%,
0.004%, 0.006%, 0.008%, 0.01%, 0.012%, 0.014% or
0.016% sufentanil. In general, the formulation comprises (a)
anon-ordered mixture of a pharmaceutically active amount of
a drug; (b) a bioadhesive material which provides for adher-
ence to the oral mucosa of the subject; and (c) stearic acid,
wherein dissolution of a dosage form comprising the formu-
lation is independent of pH, e.g., over a pH range of about 4
to 8.

Numerous suitable nontoxic pharmaceutically acceptable
carriers for use in oral dosage forms can be found in Reming-
ton’s Pharmaceutical Sciences, 17th Edition, 1985.

It will be understood that the formulation is converted into
a dosage form for delivery to a subject using procedures
routinely employed by those of skill in the art, such as direct
compression, wet granulation, etc. The process for prepara-
tion of the dosage form is optimized for each formulation in
order to achieve high dose content uniformity.

While not wishing to be bound by theory, when a claimed
dosage form is placed in the sublingual cavity, preferably
under the tongue on either side of the frenulum linguae, it
adheres upon contact. As the dosage form is exposed to the
moisture of the sublingual space the dosage form absorbs
water, resulting in erosion of the dosage form and release of
the drug to the circulation of the subject.

IV. Sufentanil

Opioids are widely used for the treatment of pain, and are
generally delivered intravenously, orally, epidurally, trans-
dermally, rectally and intramuscularly. Morphine and its ana-
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logues are commonly delivered intravenously and are effec-
tive against severe, chronic and acute pain. However, they can
also have severe respiratory depressive effects if not used
appropriately and also suffer from a high abuse potential. The
predominant cause of morbidity and mortality from pure
opioid overdoses is due to respiratory complications.

Sufentanil (N-[(4-(Methoxymethyl-1-(2-(2-thienyl)
ethyl)-4-piperidinyl)]-N-phenylpropanamide), is used as a
primary anesthetic, to produce balanced general anesthesia in
cardiac surgery, for epidural administration during labor and
delivery and has been administered experimentally in both
intranasal and liquid oral formulations. A commercial form of
sufentanil used for IV delivery is the SUFENTA FORTE®
formulation. This liquid formulation contains 0.075 mg/ml
sufentanil citrate (equivalent to 0.05 mg of sufentanil base)
and 9.0 mg/ml sodium chloride in water. It has a plasma
elimination half-life of 148 minutes, and 80% of the admin-
istered dose is excreted in 24 hours.

The use of sufentanil clinically has predominantly been
limited to IV administration in operating rooms or intensive
care units. There have been a few studies on the use of liquid
sufentanil preparations for low-dose intranasal administra-
tion (Helmers et al., 1989; Jackson K, et al., J Pain Symptom
Management 2002: 23(6): 450-452) and case reports of sub-
lingual delivery of a liquid sufentanil preparation (Gardner-
Nix J., J Pain Symptom Management, 2001 August; 22(2):
627-30; Kunz K M, Theisen J A, Schroeder M E, Journal of
Pain and Symptom Management, 8:189-490, 1993). In most
of these studies, the smallest dosing of sufentanil in adults
was 5 mcg in opioid nave patients. Liquid administered to the
oral or nasal mucosa suffers from lower bioavailability and
possibly a shorter duration of action as demonstrated by the
animal studies (sublingual liquid) described herein, as well as
the literature (nasal liquid drops—Helmers et al., 1989).
Gardner-Nix provides analgesic data (not pharmacokinetic
data) produced by liquid sublingual sufentanil and describes
the analgesic onset of liquid sublingual sufentanil occurring
within 6 minutes but the duration of pain relief lasted only
approximately 30 minutes.

A number of opioid dosage forms many of which contain
fentanyl are currently available for treatment of pain.

Following transbuccal administration of fentanyl using a
lozenge (e.g., Actiq®), the bioavailability is 50%, although
the T,,,, for the 200 mcg dosage of Actiq® ranges from
20-120 minutes resulting from erratic GI uptake due to the
fact that 75% of the fentanyl is swallowed (Actiq® insert).
More recent publications on the T, of Actiq indicate that
these original times were skewed towards more rapid onset
(Fentora package insert indicates a range of T,,,, for Actiq
extending up to 240 minutes). Fentora (a fentanyl buccal
tablet) exhibits a bioavailability of 65%, with reported swal-
lowing of 50% of the drug. In contrast to the claimed dosage
forms, both Actiq® and Fentora suffer from the disadvantage
that substantial amounts of lozenge-administered fentanyl are
swallowed by the patient.

Sufentanil and fentanyl have many similarities as potent
mu-opioid receptor agonists, however, they have been shown
to differ in many key ways. Multiple studies have demon-
strated sufentanil to be in the range of 7-24 times more potent
than fentanyl (SUFENTA® package insert; Paix A, et al. Pain
63:263-69, 1995; Reynolds L, et al., Pain, 110:182-488,
2004). Therefore, sufentanil may be administered using a
smaller dosage form, avoiding the increased saliva response
of'alarger dosage form and thereby minimizing the amount of
drug that is swallowed. This leads to minimal GI uptake.
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In addition, fentanyl and other opiate agonists, have the
potential for deleterious side effects including respiratory
depression, nausea, vomiting and constipation.

There is evidence with suggests that sufentanil may have
less respiratory depression than fentanyl and other opioids at
clinical doses (Ved et al., 1989; Bailey et al., 1990; Conti et
al., 2004).

Since fentanyl has a 30% bioavailability from the GI route,
swallowed drug can contribute to the C,,,, plasma levels to a
significant degree and results in the erratic C,,,, and T,,,.
observed with these products. In contrast, the bioavailability
of sufentanil from the GI route is 10-12%, and therefore
swallowed drug will not contribute to the C,,,, plasma levels
to a significant degree.

Further, the lipid solubility (octanol-water partition coef-
ficient) of sufentanil (1778:1) is greater than fentanyl (816:1)
(van den Hoogen and Colpaert, Anesthes, 66:186-494, 1987).
Sufentanil also displays increased protein binding (91-93%)
compared with fentanyl (80-85%) (SUFENTA® and Actiq®
package inserts, respectively). Sufentanil has a pKa of 8.01,
whereas the pKa of fentanyl is 8.43 (Paradis et al., Therapeu-
tic Drug Monitoring, 24:768-74, 2002). These differences
can affect various pharmacokinetic parameters, for example,
sufentanil has been shown to have a faster onset of action and
faster recovery time than fentanyl (Sanford et al., Anesthesia
and Analgesia, 65:259-66, 1986). As compared to fentanyl,
use of sufentanil can result in more rapid pain relief with the
ability to titrate the effect and avoid overdosing.

Importantly, sufentanil has been shown to produce endocy-
tosis of the mu-opioid receptor 80,000 times more potently
than fentanyl (Koch et al., Molecular Pharmacology, 67:280-
87, 2005). The result of this receptor internalization is that
neurons continue to respond to sufentanil more robustly over
time than with fentanyl, suggesting that clinically less toler-
ance would develop to sufentanil compared to fentanyl with
repeated dosing.

Prior to the work of the current inventors, no pharmacoki-
netic data had been published on sublingual sufentanil in any
form. Pharmacokinetic data for ocular and intranasal trans-
mucosal delivery of sufentanil has been published based on
studies in dogs and humans. Farnsworth et al. (Anesth Analg,
1998, 86:138-40) describe ocular transmucosal absorption
and toxicity of sufentanil in dogs, where 50 mcg of sufentanil
was administered over a period of 2.5 minutes to the conjuc-
tiva of five anesthetized dogs. The T, . occurred at S min with
aC,,,, 0f0.81 ng/ml. and at, , of approximately 18 minutes.
A study report of intranasal and intravenous administration of
15 mcg of sufentanil in 16 humans provides a comparison of
pharmacokinetic profiles, where intranasal sufentanil was
delivered via 3 drops in each nostril with 2.5 mcg/drop. Intra-
nasal sufentanil had a 78% bioavailability based on the AUC
from 0-120 minutes compared with intravenous delivery.
Intranasal delivery resulted in a T,,,, of 10 minutes with a
C,,.. 0 0.08 ng/mL. The t, , was approximately 80 minutes.
See, Helmers et al., Can J Anaesth. 6:494-497, 1989. A third
study in pediatric patients describes preoperative intranasal
dosing of'15 children with 2 meg/kg sufentanil via nasal drops
and with plasma levels of sufentanil measured starting at 15
minutes, which was too late to capture the T,,,,. Based on
extrapolation of the data, the C,,,, was approximately 0.3
ng/ml and the t, ,, was approximately 75 minutes (Haynes et
al., Can J Anaesth. 40(3):286, 1993).

Sufentanil Dosage Forms

The active agent in the claimed dosage forms is sufentanil,
alone or in combination with a sufentanil congener such as
alfentanil, fentanyl, lofentanil, carfentanil, remifentanil,
trefentanil, or mirfentanil. In a preferred embodiment, sufen-
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tanil alone is the active agent. Sufentanil may be provided in
the claimed dosage forms in any of a number of formulations.
Sufentanil may be provided as sufentanil citrate, sufentanil
base, or a combination thereof.

A sufentanil drug dosage form may contain from about
0.25 to about 200 mcg of sufentanil per dosage form for
sublingual delivery. In one exemplary embodiment, each dos-
age form contains from about 0.25 to about 200 mcg of
sufentanil, alone or combination with one or more other
therapeutic agents or drugs.

Exemplary drug dosage forms for administration to chil-
dren (pediatric patients) contain from about 0.25 to about 120
mcg of sufentanil per dosage form. For example, a drug
dosage form for administration to children, may contain
about 0.25,0.5,1,2.5,4,5,6,8,10, 15, 20,40, 50 or 120 mcg
of sufentanil for oral transmucosal delivery. It follows that for
pediatric patients, an exemplary dose range is from at least
about 0.02 mcg/kg to about 0.5 mcg/kg with a preferable
range of from about 0.05 to about 0.3 meg/kg.

Exemplary drug dosage forms for administration to adults
contain from about 2.5 to about 200 mcg of sufentanil per
dosage form. For example, a drug dosage form for adminis-
tration to adults may contain about 2.5, 3, 5, 7.5, 10, 15, 20,
40, 60, 80, 100, 120, 140, 180 or 200 mcg or more of sufen-
tanil for oral transmucosal delivery.

Preferably, a sufentanil-containing dosage form comprises
from about 5 to about 100 micrograms (mcg) of sufentanil,
e.g., S mecg, 10 mcg, 15 mcg, 20 meg, 30 mcg, 40 mcg, 50
mcg, 60 mcg, 70 mecg, 80 mcg or 10 meg of sufentanil.

As will be understood by those of skill in the art, the dose
will be on the low end of the range for children and the high
end of the range for adults dependent upon body mass, in
particular when administered long term to opioid-tolerant
adults. Prior to the work of the current inventors, small vol-
ume sufentanil-containing dosage forms for oral transmu-
cosal drug delivery had not been described.

Invarious embodiments, the claimed dosage forms provide
effective pain relief in all types of patients including children,
adults of all ages who are opioid tolerant or naive and non-
human mammals. The invention finds utility in both the inpa-
tient and outpatient setting and in the field.

Congeners of sufentanil find use in the compositions,
methods and systems described herein, examples of which
include alfentanil, lofentanil, carfentanil, remifentanil,
trefentanil or mirfentanil.

In certain embodiments, the dosage form comprises at least
at 0.005% to as much as 99.9% by weight of alfentanil,
loferitanil, carfentanil, remifentanil, trefentanil or mirfenta-
nil. The percentage of active ingredient(s) will vary depen-
dent upon the size of the dosage form and nature of the active
ingredient(s), optimized to obtain maximal delivery via the
oral mucosal route. In some aspects of the invention, more
than one active ingredient may be included in a single dosage
form.

V. Treatment of Pain

Using current treatment methods, pain control is attempted
using a number of interventions, which generally include:
patient-controlled analgesia (PCA), continuous epidural
infusion (CEI), other types of acute pain control, palliative
care pain control, and home health patient pain control. These
methods meet with varying degrees of success with respect to
duration of control, ease of treatment and safety versus side
effects.

The need for rapid treatment of acute pain occurs in many
different clinical situations, including post-operative recu-
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peration, rheumatoid arthritis, failed back, end-stage cancer
(i.e., breakthrough pain), etc. Post-operatively, for example,
patients suffer from severe pain for the first few days followed
by days of mild to moderate levels of pain.

The most common analgesic used to treat moderate to
severe postoperative pain is [V morphine. This is either deliv-
ered on an “as needed” basis to the patient by a nurse using IV
injection or commonly a morphine syringe is placed ina PCA
pump and the patient self-administers the opioid by pressing
a button which has a lock-out feature. Other opioids, such as
hydromorphone and fentanyl may also be administered in this
manner.

Treatment of acute pain is also necessary for patients in an
outpatient setting. For example, many patients suffer from
chronic pain and require the use of opioids on a weekly or
daily basis to treat their pain. While they may have a long-
acting oral or transdermal opioid preparations to treat their
chronic underlying pain levels, they often need short-acting
potent opioids to treat their severe breakthrough pain levels.

Treatment of acute pain is also necessary “in the field”
under highly sub-optimal conditions. Paramedics or military
medics often are required to treat severe acute pain in un-
sterile situations, where needles used for IV or IM adminis-
tration can result in unintended needle sticks, risk of infec-
tion, etc. Oral opioid tablets often take 60 minutes to provide
relief which is too long for someone in severe pain.

In a number of clinical settings, there is clearly a need for
improved means to administer a drug that produces effective
pain relief in a manner that is titratable, safe and convenient,
and non-invasive that provides relief from acute severe break-
through or intermittent pain over an appropriate period of
time.

The claimed compositions, methods and systems rely on
administration of dosage forms comprising a pharmaceuti-
cally active substance such as sufentanil which s effective for
the treatment of acute pain (i.e. post-operative pain), inter-
mittent pain or breakthrough pain, using a dispensing device
that includes features such as lock-out, a means for patient
identification prior to drug administration and a means to
protect the dosage forms stored in the dispensing device. The
claimed methods and systems thereby provide significant
advantages over currently available treatment modalities in
terms of both safety and efficacy.

VI. In Vivo Human Studies

Provided herein is pharmacokinetic data obtained in
humans based on studies where sufentanil was administered
via the sublingual route using the claimed small volume dos-
age forms.

Two human clinical studies were performed using healthy
human volunteers. The first study which is detailed in
Example 1 was performed with 12 subjects (6 men and 6
women) using slow-eroding sublingual sufentanil dosage
forms containing either 2.5 meg, 5 mecg or 10 meg of sufen-
tanil base corresponding to 3.7 mcg, 7.5 mcg or 15 mcg of
sufentanil citrate, respectively in comparison to a 10-minute
IV infusion of 5 mcg sufentanil or 4 repeated doses of a
slow-eroding sublingual sufentanil dosage for containing 5
mcg sufentanil administered at 10-minute intervals (Table 1).
The second study which is detailed in Example 2 was per-
formed with 11 subjects using faster-eroding sublingual
sufentanil dosage forms containing either 10 mcg or 80 mcg
of sufentanil base corresponding to 15 meg, or 120 mcg of
sufentanil citrate, respectively, in comparison to a 10-minute
1V infusion of 10 mcg sufentanil or a 20-minute IV infusion
of'50 mcg sufentanil, a sublingual dose of 5 mcg of sufentanil
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solution or 4 repeated administrations of fast-eroding sublin-
gual sufentanil dosage forms containing 10 mcg of sufentanil
administered at 20-minute intervals (Table 2). All excipients
were “pharmaceutically acceptable” (inactive) and have
GRAS or “generally recognized as safe” status.

Sufentanil dosage forms designed for sublingual use were
compared to IV sufentanil, administered through an IV cath-
eter as a continuous infusion. Plasma samples were drawn
from a different IV catheter at a remote location. The assay
demonstrated good inter-day precision and accuracy at the
high, medium and low quality control sample concentrations.

The dosage forms for the first study eroded over a period of
15-25 minutes in all subjects and are designated herein as
“slow-eroding”. The dosage forms for the second study
eroded over a period of 6-12 minutes in all subjects and are
designated herein as “faster-eroding”. After placement of
each sufentanil dosage form in the sublingual cavity of the
healthy volunteers, a remarkably consistent pharmacokinetic
profile was obtained. The bioavailability of sufentanil admin-
istered using small volume sublingual dosage forms as com-
pared to IV administration for single and multiple adminis-
trations was high and ranged from 60.9% (10 mcg dose;
faster-eroding) to 97.2% (4x5 mcg dose (slow-eroding). The
bioavailability of sufentanil administered using small volume
sublingual dosage forms is greater than that of the fentanyl
products, Actiq and Fentora (47% and 65%, respectively—
Fentora package insert). Importantly, the bioavailability is
linked to the consistency of total drug delivered to the patient.
For example, the total plasma drug area under the curve (AUC
O-infinity) for sufentanil dosage forms 10 mcg was
0.0705£0.0194 hr*ng/ml (meansstandard deviation (SD)).
This SD is only 27.5% of the total AUC. Coefficient of varia-
tion (CV) is a term to describe the percent SD of the mean.
The coefficient of variation for the fentanyl products, Fentora
(AUC is 45%) and Actiq (AUC is 41%; Fentora package
insert), while the coefficient of variation around the bioavail-
ability of sufentanil administered using small volume sublin-
gual dosage forms is less than 40%. Therefore, the total dose
delivered to the subject is not only more bioavailable for the
sufentanil dosage forms but it is more consistent.

Although this high bioavailability could be due to anumber
of factors including but not limited to erosion time, it is likely
that the lack of saliva produced by the small size ofthe dosage
forms limits the swallowing of the drug and avoids the low
bioavailability typical of drug absorption via the GI route.
Both Fentora and Actiq package inserts claim at least 50%
and 75% of the drug dose, respectively, is swallowed via the
sailva, and both exhibit lower bioavailability than the claimed
dosage forms.

The dosage forms used in the clinical trials had a volume of
approximately 5 microliters (mass of 5.5-5.85 mg), a small
fraction of the size of Actiq or Fentora lozenges. Therefore,
less than 25% of'the drug is swallowed which is a much lower
percentage than swallowed with Fentora or Actiq.

The sufentanil sublingual dosage forms are also superior in
terms of consistent drug plasma levels early after administra-
tion. The C,, . obtained with the 10 mcg sufentanil dosage
form was 27.5£7.7 pg/ml. The coefficient of variation of the
C,,..» 18 therefore only 28%. The C,,,, for Fentora and Actiq
suffer from variability of GI uptake of drug. Fentora reports a
C,,.011.02+0.42 ng/ml, therefore the coefficient of variation
of'the C,,, is 41%. The range of coefficients of variation for
the various doses of Fentora is from 41% to 56% (package
insert). The Actiq coefficient of variation of C,,, is reported
as 33% (Fentora package insert).

In addition to superior bioavailability and consistency in
plasma concentrations, the T,, . for 10 mcg sufentanil dosage
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forms was 40.8+13.2 minutes (range 19.8-60 minutes). The
reported average T, . for Fentora is 46.8 with a range of
20-240 minutes. The T,,,, for Actiq is 90.8 minutes, range
35-240 minutes (Fentora package insert). Therefore, the con-
sistency in onset of analgesia for sufentanil dosage forms is
markedly better than that of Fentora and Actiq.

In addition, the T,,,. values obtained following repeated
sublingual administration of the claimed sufentanil dosage
forms were significantly shorter than those observed follow-
ing administration of a single sublingual sufentanil dosage
form. Most notably, the T, . obtained with repeat dosing of
10 pg (4x10 pg) sufentanil dosage forms (fast-eroding)
occurred 24.6 minutes after the previous (fourth) dose. The
coefficient of variationaround T, was only 18%, indicating
a very consistent and predictable with repeated sublingual
administration of the claimed sufentanil dosage forms.

The linearity of sufentanil plasma levels following sublin-
gual administration of the claimed sufentanil dosage forms
doses was consistent from the 2.5 mcg dose up through the 80
mcg dose.

Although still in development, published data allows com-
parison of the sufentanil pharmacokinetic data provided
herein to that of Rapinyl, a fentanyl sublingual fast-dissolve
lozenge. The coefficient of variation around the AUC for all
three doses of sufentanil exemplified herein (2, 5, and 10
mcg) averaged 28.6%, demonstrating that the observed low
coefficient of variation is not dependent on dose. In contrast,
the published bioavailability for a sublingual fentanyl prod-
uct, Rapinyl, is approximately 70% (Bredenberg, New Con-
cepts in Administration of Drugs in Tablet Form, Acta Uni-
versitatis Upsaliensis, Uppsala, 2003). The coefficient of
variation of the AUC (0-infinity) for Rapinyl ranges from
25-42% and is dose-dependent.

In addition, the coefficient of variation of the C,,, for
Rapinyl varies from 34-58% depending on dose. As shown by
the data presented herein, administration of the 10 mecg sufen-
tanil dosage form resulted in a C,,,, variation of only 28%,
and the average coefficient of variation of C,,,,, for the 2, 5,
and 10 mcg doses was 29.4%, indicating minimal variability
depending on dose. Similarly, the coefficient of variation for
T, With Rapinyl ranges from 43-54% depending on dose,
whereas for our sufentanil dosage forms, this coefficient of
variation for T,,,, averages only 29% over all three dosage
strengths. This consistent onset of action achieved with sub-
lingual sufentanil dosage forms allows a safer redosing win-
dow when compared to any of the three comparator drugs,
since rising plasma levels are contained to a shorter period.

Additionally, as with Fentora and Actiq, Rapinyl demon-
strates a longer plasma elimination half-life (5.4-6.3 hours,
depending on dose) than the claimed sufentanil dosage forms.
The plasma elimination half-life of sufentanil dosage forms
ranged from 1.5-2 hours following a single oral transmucosal
administration in humans (Table 2), which allows for more
titratability and avoids overdosing. As will be understood by
those of skill in the art, the half-life described herein for the
exemplified dosage forms may be adjusted by modification of
the component and relative amounts of the excipients in the
formulation used to make a given dosage form. The ability to
titrate to higher plasma levels by administering repetitive
doses of the sublingual sufentanil dosage forms was also
tested in this human study.

The methods and systems described herein are designed to
work effectively in the unique environment of the oral cavity,
providing for higher levels of drug absorption and pain relief
than currently available systems. The claimed methods and
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systems are designed to avoid the high peak plasma levels of
intravenous administration by entry into the circulation via
the sublingual mucosa.

The claimed methods and systems further provide for inde-
pendent control of bioadhesion, dosage form disintegration
(erosion) and drug release over time, together with adminis-
tration using a device to provide a safe delivery profile. The
device-administered sublingual dosage forms provide indi-
vidual, repetitive doses that include a defined amount of the
active agent (e.g., sufentanil) thereby allowing the patient or
care giver to accurately titrate the amount of drug delivered
and to adjust the amount as appropriate in a safe and effective
manner. The lock-out feature of the dispensing device adds to
the safety of the drug delivery profile.

Further, treatment with the claimed compositions, methods
and systems provides for improved safety by minimizing the
potentially deleterious side effects of the peaks and troughs in
the plasma drug pharmacokinetics, which are typical of cur-
rently available medications or systems for treatment of pain.

Advantages of the claimed sublingual dosage forms over
various liquid forms for either sublingual or intranasal admin-
istration include local release of drug from the dosage form
over time with minimal swallowing of liquid drug via either
the nasal or oral/GI route.

Due to the small size of the oral transmucosal dosage
forms, repeated placement in the sublingual cavity over time
is possible. Minimal saliva production and minimal physical
discomfort occurs due to the small size, which allows for
repetitive dosing over days to weeks to months. Given the
lipid profile of the sublingual cavity, the sublingual route, also
allows for slower release into the plasma for certain drugs,
such as sufentanil, which may be due to utilization of a
“depot” effect that further stabilizes plasma levels compared
to buccal delivery.

The oral transmucosal dosage forms are designed to fit
comfortably under the tongue such that the drug form erodes
sufficiently slowly to avoid the immediate peak plasma levels
followed by significant drop off seen in prior art formulations
such as described in U.S. Pat. No. 6,759,059 (Rapinyl),
wherein fentanyl was administered via tablets containing 400
mcg of fentanyl which resulted in a peak plasma level of 2.5
ng/ml followed by an immediate drop in plasma level. Fen-
tora (fentanyl buccal tablet) also suffers from a lack of a
plateau phase but rather has a steep incline up to the C,,,.
followed by a significant drop-off in plasma levels (Fentora
package insert).

VII. Utility of Small-Volume Oral Transmucosal
Dosage Forms

The claimed dosage forms, methods and systems find util-
ity in delivery of sufentanil via the sublingual route for treat-
ment of pain. The small volume of the sublingual dosage
forms provide for high bioavailability, low variability in T, .,
low variability in C,,,, and low variability in AUC. The dos-
age forms also provide for prolonged plasma levels within the
therapeutic window.

More specifically, the claimed dosage forms, methods and
systems provide the advantages that:

(a) there is a linear relationship between sufentanil plasma
levels in a subject following administration of the
claimed sufentanil dosage forms and the amount of
sufentanil in the dosage form;

(b) a single sublingual administration of the claimed sufen-
tanil dosage forms to a subject results in an AUC,, with
a coefficient of variation of less than 40%;

15

20

25

35

40

45

50

55

60

65

20

(c) a single or repeated sublingual administration of the
claimed sufentanil dosage forms to a subject results in a
T, With a coefficient of variation of less than 40%;

(d) repeated sublingual administration of the claimed
sufentanil dosage forms to a subject results in a bioavail-
ability that is greater than the bioavailability following a
single sublingual administration to said subject;

(e) the difference between the T,,,, following repeated
sublingual administration of the claimed sufentanil dos-
age forms and the time of the previous sublingual admin-
istration is shorter than the T, . following a single sub-
lingual administration to the subject;

() there is a linear relationship between C,,,, and the
amount of sufentanil in the dosage form;

(g) there is a linear relationship between AUC,, -and the
amount of sufentanil in the dosage form; and

(h) the highest predicted steady-state sufentanil concentra-
tion following multiple administrations of 10 or 15 mecg
sublingual sufentanil dosage forms is predictable allow-
ing for an accurate determination of safe lock-out times
and therefore safe and efficacious treatment of pain.

In one exemplary embodiment described in detail herein,
the dosage forms find utility in treating a subject suffering
from pain that may be associated with any of a variety of
identifiable or unidentifiable etiologies. In this embodiment,
the dosage forms in utility in suppression or mitigation of
pain. The term “treatment” or “management” of pain is used
here to generally describe regression, suppression, or mitiga-
tion of pain so as to make the subject more comfortable, as
determined for example by pain score.

The invention finds utility in the treatment of both opioid
nave patients and opioid tolerant patients.

The dosage forms find particular utility in the treatment of
acute pain, such as post-operative pain, as well as other pain,
such as “in the field”, i.e., under highly sub-optimal condi-
tions.

Paramedics or military medics often are required to treat
severe acute pain or other injuries or conditions in non-sterile
situations, where needles used for IV or IM administration
can result in unintended needle sticks, risk of infection, etc.
Oral opioid tablets often take 60 minutes to provide relief
which is too long for someone in severe pain. The claimed
dosage forms find utility in addressing this need.

When the dosage forms are used for the treatment of pain,
the claimed methods and systems find utility in administra-
tion of drugs to pediatric and adult populations and in treat-
ment of human and non-human mammals, as well as in opioid
tolerant and opioid naive patient populations.

Application of the claimed methods and systems is not
limited to any particular therapeutic indication. As such, the
claimed dosage forms find utility in administration of sufen-
tanil to pediatric and adult subjects and in the treatment of
human and non-human mammals.

The dosage forms find utility in pediatric applications,
since the comfortable and secure nature of the dosage form
allows children to readily accept this mode of therapy and will
reliably deliver drug transmucosally. Specific examples
include, but are not limited to, treatment of pediatric acute
pain when IV access is not available or inconvenient, treat-
ment of pediatric asthma when the child is not able to use an
inhaled route of administration effectively, treatment of nau-
sea when a child can not or will not swallow a pill, pre-
procedural sedation when a child is NPO (no oral intake
allowed) or a more rapid onset is required.

The dosage forms find further utility in veterinary applica-
tions. Specific examples include, but are not limited to, any
treatment of an acute condition for which IV administration is
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not readily available or inconvenient, such as pain relief,
anxiety/stress relief, pre-procedural sedation, etc.

VIII. Dispensing Devices

Dispensing devices and systems for oral transmucosal
administration of small volume drug dosage forms are pro-
vided. The dispensing devices are handheld and portable and
comprise a housing having a dispensing end which typically
has a proboscis with a shroud that provide a means for block-
ing or retarding saliva ingress and/or moisture control. The
dispensing devices further provide safety features such as a
means for lock-out and a means for patient identification.

The claimed dispensing devices, methods and systems
comprise delivery of small volume dosage forms to the oral
mucosa. The invention is not limited to the specific devices,
systems, methodology and dosage forms detailed herein, as
these may, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to limit the
scope of the present invention.

Blocking/Retarding Saliva and Moisture Ingress

The claimed dispensing devices comprise a means for
minimizing or eliminating saliva ingress and moisture ingress
into the dispensing device: (1) to avoid wetting the dosage
forms therein; (2) to isolate any saliva that enters the dispens-
ing device in such a manner that the dosage forms therein
remain dry; (3) to absorb or adsorb any saliva that enters the
dispensing device in such a manner that the dosage forms
remain dry; (4) to block saliva and moisture from entering the
device to protect the dosage forms from vapor and liquid
phase moisture, or (5) any combination thereof.

The dispensing device has a means for preventing and/or
controlling humidity ingress due to ambient conditions out-
side of the device.

The means for minimizing or eliminating saliva ingress or
preventing other moisture from entering the dispensing
device includes, but is not limited to, one or more flexible or
rigid seals, one or more flexible or rigid wipers, use of one or
more absorbent material components such as a desiccant or
pad, a door or latch that is manually or automatically opened
and closed, multiple stage delivery systems, a positive air
pressure and airflow, or an air gap or prescribed distance or
barrier/shroud maintained between the dosage form delivery
orifice and the mucous membrane tissues within the mouth
that may transport the saliva. The shroud limits the ability of
the tongue or sublingual mucosa to contact the dosage form
dispensing area, thereby controlling saliva contact and
ingress. By inhibiting or eliminating the “wetness” inside the
shroud and on the surface of the valve/seal, the dosage form is
dispensed without adhesion occurring between the dosage
form and the shroud or valve/seal.

To protect the drug dosage forms from exposure to mois-
ture either from humidity, saliva ingress, or accidental expo-
sure to other water based liquids the dispensing device and the
container or cartridge which houses the dosage forms within
the device contains a desiccant.

Means for trapping or otherwise isolating saliva or mois-
ture if it enters the device include, but are not limited to, a
hydrophilic wicking material or component, an absorbent or
adsorbent material or component, a desiccant material or
component, a separate track or channel for moisture to col-
lect, a separate channel to communicate moisture to the
absorbents or adsorbents, or any combination of these mate-
rials or components.
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A desiccant is a sorbant, in the form of a solid, liquid, or gel
that has an affinity for water, and absorbs or adsorbs moisture
from it’s surrounding, thus controlling the moisture in the
immediate environment. Any commercial desiccant may be
used. Commercial desiccants typically take the form of pel-
lets, canisters, packets, capsules, powders, solid materials,
papers, boards, tablets, adhesive patches, and films, and can
be formed for specific applications, including injection mold-
able plastics. There are many types of solid desiccants,
including silica gel (sodium silicate, which is a solid, not a
gel), alumino-silicate, activated alumina, zeolite, molecular
sieves, montmorilionite clay, calcium oxide and calcium sul-
fate, or others, any of which may be used in the claimed
dispensing devices. Different desiccants have different affini-
ties to moisture or other substances, as well as different
capacities, and rates of absorption or adsorption. Also, difter-
ent types of desiccants come to equilibrium at difterent rela-
tive humidities in their immediate surroundings. As a means
for protecting the dosage forms and the internal portions of
the dispensing device from moisture, one or more desiccants
may be employed at the proboscis; in or adjacent to the
dosage form; in or adjacent the delivery pathway; in or adja-
cent the dosage form, tablet magazine or cartridge; in or
adjacent to other components of the dispensing device;
formed as an injection molded component of the dispensing
device; a compressed desiccant that is pressed into location;
or desiccant in any other location within or without the
device.

In one preferred embodiment, the desiccant snaps into a
cavity in the side of the cartridge. There are holes in the
desiccant cavity that connect it to the dosage form stack,
exposing the dosage forms to desiccant and keeping them dry.

The claimed dispensing devices rely on valves, pads, seal,
the rest position of the push rod, proboscis design and a
shroud to minimize or eliminate saliva ingress or moisture
into the dispensing device during administration of the dos-
age form.

Valves for use, in the claimed devices are typically dome/
trocar type valves that provide enough sealing force to keep
saliva and/or moisture from entering the device and serve to
minimize or eliminate saliva ingress or moisture by closing
the distal orifice during dispensing and after a dosage form
has been dispensed.

Pads for use in the claimed devices have various geom-
etries that aid in contacting or communicating with the push-
rod in order to removed liquid from the push rod surface. Such
pads typically contain hydrophilic properties and serve to
minimize or eliminate saliva ingress or moisture ingress by
transporting the liquid away from the track and push rod.

Seals and wipers for use in the claimed devices are
designed to maintain a uniform seal around a drug dosage
form and a pushrod during delivery and are characterized by
flexible materials that impart a seal around the dosage form
and pushrod and serve to minimize or eliminate saliva ingress
or moisture by sealing and wiping the orifice and pushrod
before, during, and after dispensing.

The rest position of the push rod in the claimed devices is
characterized by positioning the pushrod in an intermediate
location distal to the cartridge exit, and proximal to the distal
dispensing orifice and serves to minimize or eliminate saliva
ingress and moisture by allowing the pushrod to reside in a
location that contains a desiccant, absorbents, or channel that
dries the pushrod while at rest, between dosage dispenses.

The proboscis design for use in the claimed devices is
characterized by a distal device shape, typically an S-shape,
that aids in use of the device and/or placement of the tip on the
oral mucosa of the subject. The shape typically has curves,
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angles, and geometries such that it enables proper use of the
device and placement of the dosage form on the oral mucosa
of the subject, e.g., in the sublingual space.

The shroud of the claimed devices has a geometry that
forms a barrier between the device and the oral mucosa and
tongue, a relief for dosage form delivery, and an interior that
is hydrophobic or hydrophilic and serves to minimize or
eliminate saliva ingress or moisture ingress by creating a
barrier from the oral mucosa contacting the valve area and
dosage form, aiding in dosage form dispensing and discour-
aging dosage form adherence to the shroud. The shroud may
have a rounded interior surface or other geometries to miti-
gate the dosage form adhering to the shroud. The shroud
limits the ability of the tongue or sublingual mucosa to con-
tact the dosage form dispensing area, thereby controlling
saliva contact and ingress.

FIGS. 11A-E provide schematic depictions of a variety of
aspects of one embodiment of a drug dispensing device con-
structed to hold a plurality of dosage forms for oral transmu-
cosal delivery. FIG. 11A is a schematic depiction of a fully
assembled or single piece dispensing device 11 of the inven-
tion. In FIG. 11B, the dispensing device 11 includes a reus-
able head 13 and a disposable body 15 in FIG. 11C the
dispensing device 11 further includes a cartridge 17 in FIG.
11D the dispensing device 11 includes a valve 33, a proboscis
31, alatch button 19, a power train coupling 25, a hub lock 21
and a dispense button 23; and FIG. 11E is a schematic depic-
tion of a reassembled and complete dispensing device 11.

FIG. 12 provides a schematic depiction of an exemplary
dispensing device wherein the dispensing tip comprises a
shroud 29 having a one or more of a wiping/sealing valve 37,
an absorbent pad 39, a drug drying chamber/moisture com-
munication channel 43, desiccant in the channel 45, a car-
tridge 17 containing dosage forms 67 and desiccant in the
cartridge 47.

FIGS. 13A and 13B are schematic depictions of an exem-
plary geometry for the dispensing tip that prevents contact of
one or more seals 33, 35 with the moist or wet surface of the
oral mucosa via a shroud 29.

FIGS. 14A-D are a schematic depiction of an exemplary
proboscis 31 of a dispensing device 11 wherein the proboscis
31 comprises a shroud 29, a valve 33 for dispensing a dosage
form 67 and a cut-out/relief 55 for the dosage form 67 to be
placed against the oral mucosa and not moved when the
device 11 is withdrawn following dispensing.

A means for minimizing saliva ingress and moisture into
the claimed devices is important for presentation of the integ-
rity of dosage forms during storage, e.g., prior to an between
oral transmucosal administrations.

The claimed dispensing devices may be used to administer
adrug dosage form that is sensitive to moisture and/or humid-
ity. In such cases, a drug dosage form cartridge serves to
protect the drug dosage form from liquid and vapor phase
moisture, including humidity, liquid moisture, saliva, mucus,
etc. The cartridge may be cylindrical, disk-shaped, helical,
rectilinear, non-ordered, or may take the form of any assem-
blage of drug dosage forms that allows the drug dispensing
device to dispense them in a controlled manner. To prevent the
unused drug dosage forms from absorbing moisture or other-
wise becoming exposed to moisture prior to use, the cartridge
may provide a means of sealing the drug dosage forms from
exposure to moisture. This may accomplished by use of a
cartridge that contains individually packaged drug dosage
forms separated by a thin impermeable foil or impermeable
material such that when one drug dosage form is dispensed
from the cartridge, the seal protecting the remaining dosage
forms remains unbroken. Alternatively, the dosage forms may
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be packaged in such a manner within the cartridge that two or
more dosage forms are packaged together in each separate
sealed compartment. In some embodiments, all of the dosage
forms in a cartridge may be packaged together in a foil sealed
compartment.

A drug cartridge that houses small volume drug dosage
forms within the dispensing device may afford a seal against
moisture by means of a septum, an elastomeric seal or valve,
a sliding, translating, hinged door or valve, or by means of
sealing against another component of the drug dispensing
device when loaded. In this manner, a single re-sealable seal
may be opened either independently or by means of the pas-
sage of a dosage out of the cartridge. Once the dosage form is
delivered from the cartridge, the re-sealable seal on the car-
tridge may be re-sealed to prevent moisture or other contami-
nants from damaging the remaining drug dosage forms within
the cartridge. The cartridge may further have a non-re-seal-
able seal that is broken when it is loaded into the drug dis-
pensing device or upon delivery of the first dosage form from
the cartridge.

In other embodiments, the cartridge contains a desiccant or
other absorbent or adsorbent material to absorb or adsorb
moisture that penetrates the cartridge either prior to use or
during normal use. A cartridge foruse in a claimed dispensing
device may contain any combination of individually sealed
dosage forms, multiply sealed dosage forms, re-sealable
seals, non-re-sealable seals, desiccants, absorbents, or adsor-
bents. In one embodiment, a cartridge for use in the dispens-
ing device in holds sufficient drug dosage forms for 1-5 days
of treatment, e.g. 40 dosage forms or sufficient drug dosage
forms to provide 48 to 72 hours of treatment.

Pushrod Design

FIGS. 15A-D provide a series of flow diagrams for use of
an exemplary dispensing device showing pusher logic,
wherein FIG. 15A shows the LOAD feature; FIG. 15B shows
the device calibration logic flow. Referring to FIG. 16, the
pushrod 51 is advanced from position 65, picks up the ship-
ping tablet 69 at position 63, and is further advanced to
position 61. At position 61, the device senses the presence of
the shipping tablet 69 and/or push rod 51. In doing so, the
device is calibrated and knows the location of the shipping
tablet 69 and/or end of the push rod 51 regardless of assembly
tolerances, variations in push rod length and push rod end
conditions. Following this calibration, the push rod 51
advances the shipping tablet 69 from position 61 to position
57 where the shipping tablet 69 is dispensed from the device.
During this operation, the device is able to distinguish
between a shipping tablet 69, a push rod 51, and a drug dosage
form 67. This differentiation enables the device to confirm
that a cartridge is unused because a shipping tablets is the first
thing dispensed from a new cartridge during device setup.
The feature that provides the means for differentiating
between the shipping tablet, push rod, and dosage form 67
may be optical, physical, RF, electronic (resistive, capacitive,
or other) or magnetic. The push rod 51 advance from position
65 and position 57 described above, could be continuous or
intermittent and a physical stop at position 61 is not required.
The push rod 51 then retracts from position 57 to position 59,
placing the device 11 in the ready position with the push rod
51 under the remaining dosage forms 67. In this position, the
pushrod 51 keeps dosage forms 67 from inadvertently falling
out of the device 11.

FIG. 15C shows the device dispense logic flow, referencing
FIG. 16, following a dose command, the push rod 51 retracts
from position 59 to position 65, allowing the dosage forms 67
to advance into the push rod track. The push rod 51 then
advances from position 65, picks up a dosage form at position
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63, and then dispenses the dosage forms 67 from the device at
position 57. Between positions 63 and 57, the presence of a
dosage form 67 is sensed/confirmed at position 61 by the
position sensor. The push rod then retracts from position 57 to
position 59, placing it in the ready position with the push rod
51 is under the remaining dosage forms 67. In this position,
the push rod 51 is allowed to dry before the next dosage form
67 dispense, as well as keeps dosage forms 67 from inadvert-
ently falling out of the device 11.

FIG. 15D shows the device disassemble logic flow. Fol-
lowing a “disassemble” command, the push rod 51 is moved
to position 65. This allows for the removal of any remaining
dosage forms 67 without push rod interference.

FIG. 16 is a schematic depiction of an exemplary dispens-
ing device showing the stages of push rod dosage form inter-
action during device use. In FI1G. 16, the push rod 51, dosage
forms 67, shipping tablet 69, spring 73 and position sensor 71
are shown. During use, the push rod Si moves between posi-
tions 57, 59, 61, 63 and 65, also shown in FIG. 16 and further
detailed in FIGS. 15A-D.

Dosing History/Feedback

Further embodiments of the device include the ability to
store historical use information and the ability to transmit
such information. The device may be capable of unidirec-
tional (downloading) or bidirectional information transfer.
For example, an exchange of information may be accom-
plished by downloading stored information to a computer
through a physically wired interface, such as a USB or any
other communication connection. Alternatively, information
may be communicated via a wireless system.

In another embodiment, the dispensing device has a dose
counting feature that monitors and stores the history of drug
usage. Such information may include historical use informa-
tion, for example the number of dosages stored and dis-
pensed, and the times of dispensing.

Calibration

The dispensing device may be capable of self-calibration
of the dispense mechanism, or the device may be calibrated
manually. This process may employ a shipping tablet with a
feature or features that physically differentiate it from a drug
dosage form or the push rod. These features may be designed
so that device calibration precision is higher that that attain-
able using a dosage form or push rod. The differentiating
feature may be physical, optical, radio frequency (RF), elec-
tronic or magnetic.

Patient Identification Feature

In one aspect, the dispensing device comprises a detecting
means for patient identification such as a fingerprint reader,
an optical retinal reader, a voice recognition system, a face
recognition system, a dental imprint recognition system, a
visual recognition system, or a DNA reader. The dispensing
device may employ one or more means to identify the user,
enabling the system to determine if a dispensing request is
being made in an authorized or unauthorized manner. It is
important for effective delivery of many potential drugs and
drug dosage forms to ensure that the dispensing device is not
accidentally or intentionally used by an unauthorized indi-
vidual to prevent accidental or intentional diversion of the
drug. Such patient identification systems may recognize one
or more users, for example, in an inpatient hospital setting the
dispensing device could be programmed to recognize the
patient to whom it is prescribed, as well as authorized health-
care providers such as nurses and physicians. In an outpatient
home setting, for example, the dispensing device may only
respond to the patient to whom it is prescribed.

The dispensing device may employ any means of user
identification, including fingerprint identification, RFID
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detection with the use of an active or passive RFID tag on
bracelet, necklace, dip, belt, strap, adhesive patch, implant, or
means of locating and affixing a tag, retina identification,
DNA identification, voice recognition, password or code
entry, physical key, electronic or magnetic key, personal area
network identification using the human body or clothing as a
data or signal conduit, optical scanner or face recognition,
sonic, subsonic or ultrasonic identification, or any other
means of identifying an individual and verifying their iden-
tity.

One method of patient identification is the use of a short
distance (“near field”) passive RFID tag attached to a brace-
let, necklace, adhesive patch, clothing tag, orally mounted
device, like an orthodontic retainer, belt, strap, some combi-
nation of these, or another location. When an RFID tag is used
in the “near field”, roughly defined as about 16% of the
wavelength of the received signal, the tag behaves in the
inductive mode of operation, coupling between the reader and
tag, antenna magnetically. The near field is characterized by
at least two features: first is a rapid decline in field strength
with distance, and second is a strong directionality of the
signal. In the near field, the signal strength falls off very
rapidly, with a signal strength loss of approximately 60 dB per
decade in distance. For good inductive coupling between the
transmitter antenna and the RFID tag antenna, the two anten-
nas are oriented in parallel planes with the axes through the
center of each antenna in close proximity. Strong signal
strength (robust patient identification) is provided when the
device is very dose to the RFID tag. At the same time, a very
poor signal is provided when the device is further away from
the tag, which helps prevent unauthorized use by someone
other than the patient who attempts to use the device. It is
preferable to operate in this near field region with good
antenna alignment. Furthermore, it is preferable to operate
with a very short distance of adequate signal strength for a
positive identification, so that it is very difficult to receive a
signal if the device is not in the proper orientation and prox-
imity to the RFID tag. To attain a short distance and a proper
alignment between antennas, the dispensing device may be
designed so as to properly locate the RFID reader antenna,
mounted in the dispensing device, adjacent to an RFID tag
antenna, mounted, for example, on a wrist band or bracelet, or
a clothing tag on the collar, or an adhesive patch on the hand,
arm, cheek, neck, or elsewhere. Furthermore, an RFID tag
antenna on a wrist band or bracelet may be held in proper
alignment and location by means of a small adhesive patch
that prevents the bracelet from moving or rotation on the
wrist.

In another embodiment, the dispensing device employs a
high frequency RFID reader for use in the inpatient (hospital,
clinic, etc.) setting, operating on or near the 13.56 MHz
frequency band, and the patient is be fitted with a matching
RFID tag and antenna on a disposable bracelet or wrist band,
designed in such a way that if the bracelet or wrist band is
removed the RFID tag, the antenna, or another component of
the associated circuit will be damaged or destroyed, rendering
the bracelet or wrist band non-functional. In one example, the
range of the RFID communication is short, between 0 inches
and 10 inches preferably, more preferably between 0 and 5
inches, and most preferably between 0 and 3 inches, and may
additionally be directional, allowing proper use by the
intended patient to be easy and reliable, while at the same time
making unauthorized use by another individual difficult, very
difficult, or impossible.

Lock Out

The dispensing device provides for lock out, requiring the
patient to communicate with the physician or other autho-
rized care giver to unlock the device for the next fixed period.
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In this way the device and dock provide for safe drug admin-
istration due to greater physician oversight and care manage-
ment.

The dispensing device provides a means for adjusting both
the initial dose and subsequent doses, as well as the lock-out
time. The initial dose and lock out time may subsequently be
adjusted dependent upon patient response, duration of treat-
ment and the like.

The initial timed lock-out period for a claimed dispensing
device is typically from about 1 minute to about 60 minutes,
from 3 minutes to 40 minutes or from 5 minutes to 30 minutes,
and in particular cases is set at any one minute interval from
1to 60 minutes,e.g.,5,6,7,8,9,10,11,12,13,14,15,16,17,
18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,
35,36,37,38,39,40,41,42,43,44,45,46,47, 48,49, 50, 51,
52,53, 54, 55, 56, 57, 58, 59 or 60 minutes.

In some cases, a dispensing device has a fixed lockout
between doses and may exhibit a shutdown after a fixed
period of time. In other cases, the lock-out time is a program-
mable lock-out time. The lock-out time may also be a fixed
time lock-out interval, a predetermined lock-out interval, a
predetermined variable lock-out interval, a lock-out interval
determined by an algorithm or a variable lock-out interval
communicated to the device from a remote computer or dock-
ing station.

Additional Features

A dispensing device may provide the ability to recognize a
specific cartridge by a mechanical, optical (e.g. bar code),
electronic (e.g. microchip), magnetic, radio frequency,
chemical, or other means of detecting and identifying the
cartridge. In one exemplary embodiment, the drug-contain-
ing cartridge contains a physical keying detail on the cartridge
that is physically detected by a sensor or switch or a series of
sensors or switches in the dispensing device. Furthermore, the
dispensing device may communicate unidirectionally or bi-
directionally with the cartridge to exchange information.
Such information may include drug name, dosage strength,
usage information, lockout period, manufacturing lot num-
ber, indications for use, side effects, drug interactions, date of
manufacture, date of expiration, serial number, number of
doses in the cartridge, or any other relevant information. The
dispensing device may be able to write, in addition to read,
information to the cartridge, like date used, nurse or patient
identification, number of doses used, etc.

The dispensing device may provide mechanical protection
for the dosage forms contained therein, preventing breakage,
chipping, hydration etc., thereby allowing for dispensing of
the undamaged dosage forms contained therein. This is of
particular importance for small fragile and friable dosage
forms.

The drug dispensing device may be powered by a battery,
capacitor, fuel cell, or other power supply source, or may
require no electrical power, but be manually activated.

In some embodiments, the dispensing device is capable of
issuing alarms or other notifications when functional or safety
issues arise. The alarm or other notification may trigger an
alert on the dispensing device, on a dock or other peripheral
device; on a computer or by means of a wired or wireless
network, or may alert other remote devices. The alarm or
notification may be audible, tactile, visual, or may employ
other means of notifying one or more individuals.

Docking Station

In certain embodiments, the device includes a portable or
fixed docking station that may query the device, reset it
between dosing, lock it when not properly accessed, and
control the dosing regimen. The drug dispensing device may
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communicate with a physician or care giver, via the dock, or
by a wired or wireless communication means.

The dispensing device may employ one or more levels of
interface for different types of authorized users, for example
the patient, the nurse, the physician, pharmacist or other
authorized medical or healthcare personnel. These different
interfaces may include components such as keypads, buttons,
graphical icons and instructions, lights, LED’s, monochrome
or color graphical or text displays, touch-screens, LCD’s,
sounds, tactile feedback, voice recognition interfaces, and
other input and output devices and means. The activity, or
mode, ofthe user interface may be determined by the mode of
operation of the dispensing device, by a login or access activ-
ity by a user such as a password or code entry, by the connec-
tion or disconnection of the dispensing device from a dock,
computer, or network, or by the detection of an authorized
access key, such as a key, and/or RFID tag, or similar combi-
nation. Upon changing the interface mode, the functionality
of the device may be changed, either activating, inactivating
or changing the functionality of the various interface compo-
nents described above. By allowing the device to have one or
more interface modes, with differing functionality associated
with each one, the device can be optimized for various uses.

Base Station

In some embodiments the drug dispensing system includes
a base station for recharging the drug dispensing device and
the portable docking FOB between uses. This base station
allows for recharging the batteries or fuel cells in multiple
dispensing devices and/or FOBs simultaneously. In addition
to recharging the drug dispensing devices and FOBs, the base
station may provide one or more of the following functional-
ity: wireless or wired connectivity to a peripheral device,
computer or network; feedback on the charging state for the
devices being recharges; an interface for viewing, adding,
deleting, or moditying the data on a drug dispensing device or
FOB; a means for synchronizing data between multiple drug
dispensing devices and/or FOBs; and a rear’s for conducting
a diagnostic test on drug dipensing devices and/or FOBs.

IX. Methods and Systems for Delivering Small
Volume Sufentanil Dosage Forms Using a Device

Method and systems for delivering small volume sufenta-
nil-containing dosage forms using a device are provided. F1G.
17 provides a schematic architecture connection diagram
illustrating the various components that may be included in a
dispensing device or system for dispensing small volume
drug dosage forms, including a device with a separate head
13, body 15 and cartridge 17, a portable docking FOB 113,
Patient RFID 115 and a base station 117.

A block diagram illustrating one aspect of communication
in a drug dispensing system, including an RFID tag, a drug
dispensing device, a base station/dock and a healthcare pro-
vider personal computer system wherein a drug dispensing
device can communicate with the physician or care giver, via
the dock, or by means of a wired or wireless communication
method is provided in FIG. 18A.

A block diagram illustrating another aspect of communi-
cation in a drug dispensing system, including an RFID tag, a
drug dispensing device, a portable docking FOB, a base sta-
tion and a healthcare provider personal computer is provided
in FIG. 18B. The drug dispensing device may communicate
with the physician or care giver, via the FOB, by means of a
wired or wireless communication method to provide usage
information and information regarding the respiratory status
or blood pressure of the patient to the physician at regular
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intervals. The FOB can be adapted to attach to a cord at as to
allow the FOB to hang from the neck of the physician or
caregiver.

Exemplary features of the dispensing device include the
following:

In one embodiment, the head, body, and cartridge comprise
the handheld portion of the device. This device assembly has
alatch to disconnect the head and body, and a dispense button
for patient use. The device also has lights to show lock-out
status, errors, and power. In this embodiment, the cartridge
which contains the drug dosage forms and the body are used
a single time only.

The system may comprise a portable dock which is hand-
held, independent of the patient device and solely for health-
care professional use. The dock enables higher level feature
use such as deeper queries into patient device use, the ability
to upload device data, unlocking of the head/body and the
tether, lockout override for dosing the patient, and a larger
reading display. The dock is also used to setup and take down
the patient device.

The system may also comprise an RFID bracelet that is
activated via the dock and is worn by the patient to establish
and control dosing to correct patient and to that patient alone.
This feature prohibits use of the device by others.

The system may further comprise a recharging base used to
charge the dock and heads and is also used to update the heads
and docks when new software becomes available or when
new users are programmed into the system.

The drug dosage forms are typically provided in disposable
cartridges which loaded into the device prior to administra-
tion.

Exemplary set-up instructions for the device include the
following steps:

The device head and dock are charged on the recharging
station.

The device body and wristband are removed from the pack-
aging.

The device head and dock are removed from the charging
station.

The cartridge is loaded into the body by inserting a car-
tridge into the device body as indicated ensuring that the
cartridge “clicks” and is locked in place.

The device body (with cartridge) is assembled onto the
head.

The power button on the assembled device is pushed to
power-up the system.

The power button on the dock is pushed to power-up the
dock.

The assembled device is plugged into the dock.

A healthcare professional scans their fingerprint or inputs a
unique password in order to unlock the dock.

The device reads the label on the cartridge and the dock
displays setup information, for example, the drug name, the
quantity of tablets, the drug concentration, the preset lockout
time, the duration of use (72 hours), and the battery status of
the head.

After the information is read from the cartridge and dis-
played on the dock, the healthcare professional will be
requested to confirm that all information is correct and
require a witness to very the information.

The dock will require that the patient wristband be paired to
the device by bringing the wristband close to the device.

The device will read the band and request confirmation of
the band number; selection and confirmation of the number

The patient ID is entered into the dock, i.e. patient medical
record number
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The wristband is placed on the patient’s hand that will be
used to operate device.

Then, the dock will indicate that it is ready to dispense, a
plastic initialization tablet or “shipping tablet”.

Upon confirmation the device will dispense a plastic ini-
tialization tablet or “shipping tablet”. This step is used by the
device to calibrate the dispensing mechanism, initiate the
cartridge for use, and allows the healthcare professional to
verify proper use and to train the patient with a “shipping” or
placebo-type tablet.

Once the plastic initialization tablet or “shipping tablets™ is
dispensed, the dock will require the healthcare professional to
confirm that the plastic tablet was dispensed.

After confirmation, the display will indicate that the device
is ready for use.

In some cases, a tether can be connected to the device via
the dock. The dock will allow the healthcare professional to
lock and unlock the tether as required.

If a patient will self administer a drug dosage form using
the device, the patient will be trained prior to use.

Exemplary use of the claimed devices and systems is pro-
vided in Examples 6-8.

The following examples are provided to illustrate the
invention and are not intended to limit any aspect of the
invention as set forth above or in the claims below.

EXAMPLES

The following examples are provided to illustrate the
invention and are not intended to limit any aspect of the
invention as set forth above or in the claims below.

Two different sublingual sufentanil formulations were
evaluated including a slower-eroding form (erosion time of
approximately 15-25 minutes; Examples 1A and 1B), and a
faster-eroding form (approximate erosion time of 6-12 min-
utes; Examples 2A and 2B). Patients were blocked with a
mu-opioid receptor antagonist, naltrexone (50 mg orally
twice per day).

Sufentanil plasma concentrations with respect to time were
analyzed and tabulated. The maximum sufentanil concentra-
tion in plasma (C,,,,), time to C,, . (T,,..) and terminal t, ,
were summarized for each dose group. After the final dosing
of' the repeat-dose studies, the sufentanil t, , was determined.
Comparisons were made between the area under the curve
(AUC) for each single administration of sublingual sufentanil
dosevs.IV.C,, ., T, .. and t,,, data were compared for each
sublingual sufentanil dosage vs. IV and sublingual adminis-
tration of sufentanil liquid.

Example 1

Evaluation of the Bioavailability and
Pharmacokinetics following Sublingual
Administration of a Small Volume Sufentanil Dosage
Form

Example 1A

All subjects received a 10-minute IV infusion of 5 mcg
sufentanil. After a 1-day washout period, each subject then
received a single sublingual administration of a dosage form
(comprising a slow-eroding formulation) containing 2.5 mcg
of sufentanil. On the two subsequent study days, the dose was
escalated, and each subject received a dosage form (compris-
ing a slow-eroding formulation) containing 5 and 10 mcg of
sufentanil.
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Example 1B

All subjects received four repeated sublingual doses of a
dosage form (comprising a slow-eroding formulation) con-
taining 5 meg of sufentanil administered at 10-minute inter- 5
vals.

The slow-eroding sublingual sufentanil formulation con-
taining 10 meg sufentanil is provided below:

32

A paired t-test comparison of the mean sufentanil C,, ., and
AUC,, ;parameters was conducted after normalizing to the 10
mcg sublingual dose. The results are shown in Tables 2A and
2B. Results show that the C,,, ,, and AUC,, were dose propor-
tional from 2.5 to 10 mcg. Supporting data for dose-propor-
tionality of the C,,,, and AUC,, -is shown in FIGS. 2 and 3

respectively.

TABLE 2A

10
Ingredient Amount
Sufentanil Citrate 0.27%
Mannitol (Pearlitol 200SD) 73.77%
PEG 8000 14.98%
Polyox 303 3.00% 15
Lutrol F68 2.00%
Stearic Acid 5.00%
Mg Stearate 1.00%
Total 100.00%

20

The sufentanil plasma concentration at various time points
following a single sublingual administration ofa 2.5, 5, or 10
mcg sufentanil dosage form (slow-eroding) or 4 administra-
tions of a 5 mcg sufentanil dosage form (slow-eroding) 10
minutes apart are shown in FIG. 1. 25

The mean sufentanilt, , was similar for all of the sufentanil
doses and varied from 1.56 hours (5 mcg sublingual dosage
form) to 1.97 hours (10 mcg sublingual dosage form) with no
obvious differences based on dose or route of administration
(Table 1). The mean sufentanil C,,,,, and AUC,, increased 39
with dose and were proportional to dose. The T, following
a single sublingual administration of sufentanil ranged from
0.68 to 0.77 hours. The bioavailability following sublingual
administration varied from 74.5% in subjects who were
administered 5 mcg sufentanil dosage forms to 95.5% in 35
subjects who were administered 10 mcg sufentanil dosage
forms.

Table 1 provides a summary of pharmacokinetic param-
eters including C,,, .., T,,,r, AUC,,s F and t, ,. The C,,,,, after
multiple sublingual dosing was 46.36 pg/mL. The mean 40
AUC,, -increased with multiple sublingual dosing of sufenta-
nil and was generally proportional to dose when compared to
single sublingual administration. The bioavailability of
sufentanil following multiple sublingual dosing (97.2%) was
greater than that following single administration at the same 43
dose level (74.5%).

TABLE 1

Comparison of Sufentanil Pharmacokinetic Parameters

Dose-Normalized to 10 mcg (2.5 mcg slow-eroding dosage forms

Standard t P

n=12 2.5meg 10meg Difference deviation value value
C,ue (Pg/mL) 27.24 2745 -0.21 1024 -0.07 0.946
AUC,,» 71.85  71.18 -0.67 16.31 0.14 0.89
(hr * pg/mL)

TABLE 2B

Comparison of Sufentanil Pharmacokinetic Parameters
Dose-Normalized to 10 meg 5 meg slow-eroding dosage forms)

Standard t P
n=12 S5meg 10meg Difference deviation value value
Crrr 21.81 2745 -5.65 1099  -1.78 0.10
(pg/mL)

AUC,,» 5485  71.18 -16.33 17.94  -3.15 0.009**
(hr * pg/mL)

**p value <0.05, statistically significant

Mean sufentanil plasma concentrations versus time (+/—
SD) following repeated sublingual administration of4x5 mecg
sufentanil dosage forms (slow-eroding) at 10 minute intervals
in healthy human volunteers as compared to IV Infusion of 5
mcg sufentanil over 10 minutes are shown in FIG. 4.

A simulation was used to estimate sufentanil plasma con-
centration following administration of 4x5 mcg sublingual
sufentanil dosage forms (slow-eroding), administered 10
minutes apart. The simulation was conducted by superposi-
tion of the mean plasma concentration over time profile of a
single administration of the 5 mcg sufentanil dosage form
(slow-eroding). The simulation predicted and the observed
mean (+SE) sufentanil plasma concentration versus time pro-
files were compared over a period of 12 hours (FIG. 5A) and

Summary of Sufentanil Pharmacokinetic Parameters

Parameter 5megIV 2.5mcg 5 mcg 10 mcg 4 x 5 meg
Crax (pg/mL) 81.3 £28.1 6.8 2.1 109 3.5 27577 464 £12.4
T (hr) 0.16 £ 0.03 0.73 £0.13 0.77 £ 0.29 0.68 £0.22 1.16 £ 0.23
AUC,,, (hr*pg/ml) 384=85 18.0 £4.5 274 9.1 71.2 £20.7 146.5 £ 39.1
tip (hr) 1.66 £ 0.72 1.71 £0.51 1.56 £ 0.57 1.97 £0.85 3.29+1.10
F (%) — 95.3 £ 19.1% 74.5 £ 26.3* 95.5 £29.2% 97.2 £21.2%

*% F calculated using 5 meg [VAUC
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a period of 2.5 hours (FIG. 5B). The predicted sufentanil
concentrations based on the simulation closely tracks the
observed sufentanil plasma concentration over time.

Example 2 5

Further Evaluation of the Bioavailability and
Pharmacokinetics of Sufentanil Following
Sublingual Administration of a Small Volume

Dosage Form 10

Example 2A

Subjects were administered 5 mcg of sufentanil solution

via the sublingual route (N=2) or a 10-minute IV infusion of

34

A simulation was used to estimate sufentanil plasma con-
centration following administration of 4x10 mcg sublingual
sufentanil dosage forms (faster-eroding), administered 20
minutes apart. The simulation was conducted by superposi-
tion of the mean plasma concentration over time profile of a
single administration of the 10 mcg sufentanil dosage form
(faster-eroding). The simulation-predicted and the observed
mean (+SE) sufentanil plasma concentration versus time pro-
files were compared over a period of 12 hours (FIG. 7A) and
a period of 2.5 hours (FIG. 7B), the observed sufentanil
plasma concentrations were greater than the predicted sufen-
tanil plasma concentrations (based on the simulation) over
time.

TABLE 3

Summary of Sufentanil Pharmacokinetic Parameters

Parameter 5 meg IV 10 mcg 4 x 10 meg 80 mcg 50 meg IV
Cax (pg/mL) 63.9 £28.2 16.5 £ 6.8 78.7 £20.1 127.2+42.3 561.1 £277.7
e (hr) 0.17 £0.0 0.84 £ 0.35 141 £0.25 0.89 = 0.35 0.34 £0.11
AUC,,, (hr*pg/ml) 394+9.6 44.9 £24.6 253.4+70.1 382.1 £88.2 528.0 £134.4
tin ) 1.72 £0.47 1.67 £ 0.67 3.54 £1.02 4.23 £0.90 3.69+0.78
F (%) — 60.9 £27.7% 87.8 £22.2% 70.1 = 20.1% —

*% F calculated using 5 meg IV AUC

5 meg sufentanil (N=10), a single sublingual administration
of a dosage form containing 10 mcg of sufentanil (faster-
eroding formulation) and four repeated sublingual doses of a
dosage form containing 10 mcg of sufentanil (faster-eroding
formulation) administered at 20-minute intervals.

Example 2B

All subjects were administered a 20-minute [V infusion of
50 mcg sufentanil and a single sublingual administration of a
dosage form containing 80 mcg of sufentanil (faster-eroding
formulation).

The fast-eroding sublingual sufentanil formulation con-
taining 10 meg sufentanil is provided below:

Component Amount
Sufentanil Citrate 0.26%
Mannitol SD100 70.64%
Di-Calcium Phosphate di-hydrate 20.00%
HPMC K4M Premium CR 3.00%
Stearic Acid 5.00%
Mg Stearate 1.00%
BHT 0.10%
Total 100.00%

The sufentanil plasma concentration (mean+/-SD) at vari-
ous time points following a single sublingual administration
of 10 meg and 80 mcg sufentanil dosage forms (faster-erod-
ing) and 4 administrations of the 10 mcg sufentanil dosage
form (faster-eroding) 20 minutes apart are shown in FIG. 6.

The mean t,,, was similar for the single sufentanil admin-
istrations and varied from 1.72 hours (5 meg IV)to 1.67 hours
(10 mcg sublingual). The mean sufentanil AUC,,.increased
with dose following single and multiple sublingual sufentanil
administrations. The bioavailability was 60.9% in subjects
treated with a single 10 mcg sublingual sufentanil dosage
form (fast-eroding) and 87.8% following multiple (4x10
mcg) sublingual sufentanil administrations.
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The bioavailability following sublingual administration of
the 80 mcg sufentanil dosage form (faster-eroding) was
70.1%.

and

A paired t-test comparison of the mean sufentanil C,,, .
AUC,, ;parameters was conducted after normalizing to the 10
mcg sublingual dose. The results presented in Table 4 show
thatthe C,,, ., and AUC,, -were dose proportional from 10 to 80
mcg. Supporting data for dose-proportionality of the C,,,.
and AUC,,,-is shown in FIGS. 8 and 9, respectively.

TABLE 4

Comparison of Sufentanil Pharmacokinetic Parameters
Dose-Normalized to 10 mcg (80 mcg faster-eroding dosage forms)

Standard t P

n=11 10 meg 80mecg Difference deviation value value

Cpve (pg/mL) 1659 1693  -0.34 804  -0.14 0.89
AUC,,- 4502 5088  -5.86 2385  -0.81 043
(hr * pg/mL)

A simulation of sufentanil concentrations following mul-
tiple administrations of 10 or 15 mcg sublingual sufentanil
dosage forms (slow-eroding) administered every 20 minutes
was carried out. Dosage forms comprising the slow-eroding
formulation resulted in a bioavailability of greater than 95%,
and therefore serve as a basis for an estimate of the highest
predicted steady-state sufentanil concentration following
multiple administrations of 10 or 15 meg sublingual sufenta-
nil dosage forms. Steady-state sufentanil concentrations can
be reached in about 12 hours after repeated sublingual doses
at 20 minute intervals. The simulation predicted steady-state
sufentanil concentrations of 200 pg/mL. for administration of
10 meg of sufentanil at 20 minute intervals and 300 pg/mL. for
administration of 15 mcg of sufentanil at 20 minute intervals
as shown in FIGS. 10A and 10B, respectively. The simula-
tions suggest that a minimal re-dosing interval of 20 minutes
is safe.
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Example 3

Acute Pain Management in the Outpatient Setting by
Administering a Sufentanil-Containing Dosage Form
Using a Device

A pharmacist loads a drug dispensing device with a drug
cartridge which includes 40 sufentanil dosage forms. Each
cartridge has two colored initialization tablets (called “ship-
ping tablets™) arranged to be the first two tablets dispensed.
The device has a means for loading the cartridge, which is
either a port, hatch, or door that is secure and inaccessible to
unauthorized users. Once the pharmacist has loaded the car-
tridge into the device, he locks the device access port, hatch or
door. The pharmacist then docks the dispensing device for the
first time to a dock that is connected to a personal or other
computer, using the docking connector, and then programs
the device. Programming involves uploading the dosage
strength of the dosage forms, the number of dosage forms
loaded in the device, the prescribed frequency of dosage form
usage, the number of dosage forms to be used per day, the
current date and time, the preferred language, a valid thumb-
print or other identification for identifying the patient, and the
physician’s identification information, in case the device is
lost and found.

Once the dispensing device is programmed, the pharmacist
demonstrates proper usage and tests the device by dispensing
a single shipping tablet. The pharmacist then gives the dis-
pensing device to the patient and observes the patient dis-
pense a shipping tablet to ensure proper usage and function-
ality. Along with the dispensing device, the pharmacist
provides the patient with a radio frequency identification
(RFID) tag that must be within approximately 5 inches of the
device to allow the dispensing device to operate.

When the patient wants to administer a dose of the drug, he
or she will hold the dispensing device, and push any button to
wake the device up from its sleep mode. The device will query
the user for either a thumbprint reading or a personal identi-
fication number (PIN). The device will then search for a
validated RFID key within range. Once these conditions are
met, the dispensing device will query its internal memory and
clock to make sure that the dosage regimen programmed by
the pharmacist is not being violated by the current usage
request. At this point the device displays status information,
such as the date and time, the number of doses left, the last
time a dosage was used, the patient’s name, etc., and the
pharmacist informs the patient that the device is ready to
dispense the dosage forms by a visual and/or audible signal.

The patient will hold the dispensing end of the device under
his or her tongue and press the dispensing lever. When the
dosage form is dispensed a tone will sound to inform the
patient that the dosage form was properly delivered. At this
point the device will lock down to prevent further dispensing
until the preprogrammed lock-out time has passed, at which
time the device will be ready to use again.

Example 4

Acute Pain Management in the Inpatient Setting by
administering a Sufentanil Containing Dosage Form
Using A Device

A post operative patient requires acute pain treatment fol-
lowing surgery. The surgeon prescribes oral transmucosal
sufentanil to be administered using the drug dispensing
device. The attending nurse takes the prescription order to the
pharmacist or automated pharmaceutical inventory manage-
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ment system (e.g. Pyxis) and obtains a sufentanil-contain ng
drug cartridge for sublingual delivery. The cartridge is labeled
and equipped with an RFID electronic tag containing drug
label information. The cartridge is labeled and equipped with
an RFID electronic tag containing drug label information.

The nurse then takes a disposable dispensing portion of the
drug dispensing device from inventory, and proceeds to a base
station to obtain a reusable controller portion of the drug
dispensing device that has completed its recharge cycle and is
ready for use. The nurse inserts the drug cartridge into the
disposable dispensing portion, and then affixes this to the
reusable controller portion of the drug dispensing device and
locks the disposable portion into the reusable portion of the
drug dispensing device. At this point the device reads the
RFID tag on the drug cartridge and uploads the appropriate
drug information, including the type of drug, the dosage
strength, the programmed lockout period between doses, etc.
The nurse confirms the proper drug cartridge information has
been read by the drug dispensing device and gives the drug
dispensing device to the patient for patient controlled dis-
pensing of the pain medication.

When the patient requires pain medication, she takes the
drug dispensing device in her hand, and places the dispensing
tip in her mouth, under her tongue and presses the dispense
button. The drug dispensing device then does an internal
check to ensure that the proper lockout period has elapsed
since the last dosage dispense. At this point the drug dispens-
ing device dispenses a dosage form under the patient’s tongue
and provides feedback that dosing was successful. The
patient removes the drug dispensing device from her mouth
and allows the sublingual dosage form to dissolve under her
tongue. The patient may attempt to dispense as frequently as
she desires, but the drug dispensing device will only allow
successful dosing after the appropriate lockout period has
elapsed. The drug dispensing device electronically logs the
dispensing attempts and successful dispenses in its dosing
history.

Periodically the nurse checks on the patient and drug dis-
pensing device. During such checks, the nurse inspects the
drug dispensing device to see that there are no errors and to
check the number of remaining dosage forms in the drug
dispensing device, and returns it to the patient.

When the patient is discharged, the nurse takes the drug
dispensing device and unlocks the reusable portion from the
disposable portion, disposes of the cartridge and disposable
portion of the drug dispensing device. The nurse then con-
nects the reusable portion of the device to a computer and
uploads the patient use information from the drug dispensing
device to the computer for input into the patient’s medical
records. The nurse cleans the reusable controller portion and
returns it to the base station for recharging.

Example 5

Acute Pain Management in the Inpatient Setting by
Administering a Sufentanil-Containing Dosage Form
Using a Device and a Portable Dock

A post operative patient requires acute pain treatment fol-
lowing surgery. The surgeon prescribes oral transmucosal
sufentanil to be administered using the drug dispensing
device. The attending nurse takes the prescription order to the
pharmacist or automated pharmaceutical inventory manage-
ment system (e.g. Pyxis) and obtains a sufentanil containing
drug cartridge for sublingual delivery. The cartridge is labeled
and equipped with an RFID electronic tag containing drug
label information. The cartridge is labeled and equipped with
an RFID electronic tag containing drug label information.
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The cartridge includes a shipping tablet or initialization tablet
in the first to be dispensed ideation of the dosage form stack.
The nurse then takes a disposable dispensing portion of the
drug dispensing device from inventory, and proceeds to a base
station to obtain a reusable controller portion of the drug
dispensing device that has completed its recharge cycle and is
ready for use. The nurse inserts the drug cartridge into the
disposable dispensing portion, and then affixes this to the
reusable controller portion of the drug dispensing device.
Next, the nurse takes a portable dock (or docking FOB) from
the base station where it has been recharging, and docks the
assembled drug dispensing device to the portable dock. The
portable dock and the assembled drug dispensing device com-
municate electronically and a setup menu comes up on the
portable dock for setting up the drug dispensing device.

At this point the device locks the reusable and disposable
portions together, reads the RFID tag on the drug cartridge
and uploads the appropriate drug information, including the
type of drug, the dosage strength, the lockout period between
doses, etc. The dispensing device writes a code to the RFID
tag on the cartridge identifying it as a used cartridge. The
nurse enters her fingerprint in the fingerprint reader on the
portable dock to gain secured access and proceeds to set up
the drug dispensing device for use. The set up procedure
includes entering patient identification, the nurse’s identifi-
cation, confirming the proper time on the device, and con-
firming the proper drug cartridge information. The nurse then
takes a disposable RFID bracelet and places this adjacent to
the drug dispensing device at which point the drug dispensing
device reads the tag and the nurse confirms that the proper
bracelet tag has been read.

The nurse then confirms proper setup of the drug dispens-
ing device by pressing the dispensing button once. The drug
dispensing device actuates, dispensing the shipping tablet
facsimile into the nurses hand, confirming proper operation.
The drug dispensing device detects the dispensing of the
shipping tablet, allowing for an internal system check of
proper operation and internal calibration of the newly
assembled system. Ifthe internal dispensing check is success-
ful, the portable dock queries the nurse to confirm that the
shipping table was properly dispensed, and the nurse con-
firms the proper setup. The nurse then disengages the drug
dispensing device from the portable dock, and proceeds to the
patient’s bedside for the final steps of setup.

The nurse places the RFID bracelet on the patient’s wrist
and affixes a theft resistant tether to the patient’s bed and the
other end to the drug dispensing device. The nurse then
instructs the patient on proper use of the sublingual drug
dispensing device, and gives the drug dispensing device to the
patient for patient controlled dispensing of sufentanil.

When the patient requires pain medication, she takes the
drug dispensing device in her hand, and places the dispensing
tip in her mouth, under her tongue and presses the dispensing
button. The drug dispensing device then does an internal
check to ensure that the proper lockout period has elapsed
since the last dosage dispense, and that the patient’s RFID
bracelet is present and readable. At this point the drug dis-
pensing device dispenses a dosage form under the patient’s
tongue and provides a feedback that dosing was successful.
The patient removes the drug dispensing device from her
mouth and allows the sublingual dosage form to dissolve
under her tongue. The patient may attempt to dispense as
frequently as she desires, but the drug dispensing device will
only allow successful dosing after the appropriate lockout
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period has elapsed. The drug dispensing device electronically
logs the dispensing attempts and successful dispenses in its
dosing history.

Periodically the nurse checks on the patient and device.
During such a patient check in the nurse brings a portable
docking FOB and docks the device to the FOB. The electronic
connection enables the nurse to download the information
from the drug dispensing device to the FOB. This information
includes the use history, drug information, number of remain-
ing dosage forms and duration of use since initial set up. The
nurse then enters her fingerprint in the finger print scanner to
gain access to the information and to drug dispensing device.
Because the patient is requiring an additional dose of drug
prior to the lockout period expiring, the nurse overrides the
lockout period and then returns the drug dispensing device to
the patient at which point the patient is able to take another
dose.

The nurse leaves the patient’s room with the portable dock-
ing FOB and returns to the nurse’s station to record the dosing
history in the patient’s records. When finished the nurse
returns the FOB to the base station for recharging.

When the patient has used all of the dosage forms in the
drug dispensing device, the nurse brings the portable docking
FOB into the patient’s room and docks the drug dispensing
device to the FOB. The nurse then enters her fingerprint in the
fingerprint scanner on the FOB to gain secured access to the
drug dispensing device. Next, the nurse unlocks the security
tether and disconnects the drug dispensing device from the
bed. She then unlocks the drug dispensing device and
removes it from the FOB for disassembly. The nurse discon-
nects the disposable portion from the reusable portion, and
removes the cartridge from the disposable portion. The nurse
disposes of the disposable portion and the cartridge, and
wipes the reusable controller portion with an antiseptic wipe
to clean it before returning it to the base station. The reusable
controller portion requires that the nurse return it to the base
station where it recharges and runs an internal diagnostic test
before being ready for use again.

The nurse then proceeds to set up a new drug dispensing
device a described above and provides this to the patient.

Although the foregoing invention has been described in
some detail by way of illustration and example for purposes
of clarity and understanding, it will be apparent to those
skilled in the art that certain changes and modifications may
be practiced. Various aspects of the invention have been
achieved by a series of experiments, some of which are
described by way of the following non-limiting examples.
Therefore, the description and examples should not be con-
strued as limiting the scope of the invention which is delin-
eated by the appended description of exemplary embodi-
ments.

What is claimed is:

1. A method of treating pain in a subject, comprising
administering a bioadhesive dosage form to the oral mucosa
of a subject, wherein said bioadhesive dosage form com-
prises: from about 2 micrograms to about 200 micrograms
sufentanil, wherein said dosage form is bioadhesive and has a
volume of less than 30 microliters or a mass of less than 30
mg.

2. The method according to claim 1, wherein the dosage
form has a volume of less than 10 microliters or a mass of less
than 10 mg.

3. The method according to claim 1, wherein after admin-
istration of the dosage form to the subject, at least 50% of the
drug delivery of sufentanil occurs via the oral transmucosal
route.



US 9,320,710 B2

39

4. The method according to claim 3, wherein after admin-
istration of the dosage form to the subject, at least 55% of the
drug delivery of sufentanil occurs via the oral transmucosal
route.

5. The method according to claim 3, wherein after admin-
istration of the dosage form to the subject, at least 60% of the
drug delivery of sufentanil occurs via the oral transmucosal
route.

6. The method according to claim 1, wherein after admin-
istration of the dosage form to the subject, the dosage form
provides a Tmax of from about 19.8 minutes to about 60
minutes.

7. The method according to claim 1, wherein after admin-
istration of the dosage form to the subject, the dosage form
provides a mean Tmax of from 0.68 to 0.89 hours.

8. The method according to claim 1, wherein after admin-
istration of the dosage form to the subject results in a dose-
normalized C, , of about 2.72+/-0.84 pg/mL per mcg dosed.

9. The method according to claim 1, wherein the bioadhe-
sive dosage form adheres to the oral mucosa of said subject
during the period of drug delivery.

10. The method according to claim 9, wherein the bioad-
hesive dosage form adheres to the sublingual membrane of
said subject during the period of drug delivery.
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11. The method according to claim 9, wherein the bioad-
hesive dosage form adheres to the buccal membrane of said
subject during the period of drug delivery.

12. The method according to claim 1, wherein after admin-
istration of the dosage form to the subject, the dosage form
provides a Tmax with a coefficient of variation less than 40%.

13. The method according to claim 1, wherein a single oral
transmucosal administration of the dosage form to the subject
results in a bioavailability of greater than 65%.

14. The method according to claim 1, wherein a single oral
transmucosal administration of the dosage form to the subject
results in a bioavailability of greater than 75%.

15. The method according to claim 1, wherein a single oral
transmucosal administration of the dosage form to the subject
results in a bioavailability of greater than 80%.

16. The method according to claim 1, wherein sufentanil is
sufentanil citrate.
17. The method according to claim 1, wherein said bioad-

hesive dosage form is administered using a drug delivery
device.



